Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



AN 



ELEMENTAET 



MANUAL OF CHEMISTRY- 



ABRIDGED fBOM 

ELIOT AND STOKER'S MANTJAIi, 

WITH THE OO-OPBBATION OF ^THS AUTHOBS, 



B7 



WM. RIPLEY NICHOLS,-^ 

PB0VBS80B OF GENERAL CHEMISTrIt IN THE MASSACHUBKTTt 

INSTITUTE OF TECHNOLOOT. 



^ 



* 







Revised Edition* 



* ■> 3 






#,•-■' a J 



IVISON, BLAKEMAN, TAYLOR & CO., 
NEW TORK AND CmCAOO. 



■■^■;>. 



j ' ti^ ;,._■. ■ 

* '■Was 

:' 91?340 



■»■»— I 



Entered, aooonfing to Act of Congren, in the year 1873, by 

C W. EuoT, F. H. Storbr and W. R. Nichols, 

In the Office of the libfarian of Congress, at Washington. 

Oopjriglik, 19n, by O. W. Xuov F. H. Stokkb & W. B. Nichols. 



Oopyifg^ 1888, bj O. W. Buot, F. H. Stobui ft V/. B. Nichols 



XPEACT FEOH TEE PEEFACE TO ELIOT AND STOEEE'S 
HASEAl OP laOEGAMC CHEHISIEY. 



" In preparing this mamial, it has been the authors' object 

facilitate the teaching of chemistry by the experimental 

. inductive method. . . . The authors believe that the 

) of observation ought to develop and diaci- 

e the observing faculties, and that such a study foils of its 

e end if it become a mere exercise of the memory. 

" The minute instructiona, given in the descriptions of ex- 

|)eriments and printed in the smaller type, are intended to 

enable the student to see, smell and touch for himself; these 

detailed deacriptions are meant for laboratory use. In order 

to mark as clearly as possible the distinction between cbemistiy 

pud chemical manipulation, the necessary instructions on the 

^tter subject have been put in an Appendix. In cases in 

4ich it is impossible for every student to experiment for hJm- 

t, the authors hope that this manual will make it easy foe 

1 teacher, even if he be not a professional chemist, to ex- 

tbit to his class, in a familiar and inexpensive manner, 

Bperiments enough to supply ocular demonstration of the 

iing facts and generalizations of the science. . . . 

" There is little original in the book except its arrangement 

island method, in part, and its general tone. The authors have, 

■ of course, drawn largely from the invaluable compilations made 

by Gmelin, Otto and "Watts, and they have also availed them- 

- selves freely of the text-books of Stoeckhardt and Miller, and the 

writings of Hofrnann." 



PREFACE TO THE ABRIDGMENT. 



Tms Abridgment, which is not simply an abridgment, is a 

Kahoiter and easier, yet a more comprehensive manual than the 

■ original one. The larger manual covera only inorgamc ehem- 

the Abridgment includes the elements of what is gen- 

' erally called oi^anic chemistry. The chapter on Carbon in 

the original manual has been subdivided and expanded, so as 

to comprehend the principal facts and theories of that part of 

chemistry which in moat text-books is treated as a distinct 

I branch under the name of organic chemistry. In this way 

I the compounds of carbon are studied in their natural place 

md order, and the student haa a fairer view of the whole 

e than he is lilcely to get when the great majority of the 

irbon compounds are studied quite apart from carbon itself and 

1 some of its longest-known compounds, and after all the 

r elements. 

In preparing the new chapters on the compounds of carbon, 

Sie authors have made free use of the worts mentioned above, 

especially of the text-books of Stoeckbardt and Miller; they 

would also acknowledge indebtedness to Prof. Johnson's " How 

Crons Grow," from which several of the experiments have been 

ft. These experiments, as well as the others in these chap- 
are such as have been found to stand the test of actual 
rmance by students. 



vi PREFACE TO THE ABRIDGMENT 

This manual is written in the interest of no particular theory ; 
the typical formulaB have been employed in many cases in the 
chapters on carbon, as afifording a convenient method of repre- 
senting the reactions in which the compounds take part. Teach- 
ers who desire to illustrate more fully the theory of the subject 
may refer to Cooke's Chemical Philosophy, from which some use- 
ful hints have been taken in preparing this Abridgment. 

Teachers who put the Abridgment into the hands of their 
pupils will find it useful to consult the larger manual for addi- 
tional fEicts and experiments and fuller explanations. 

Maboh, 1872. 



PREFACE TO THE SECOND REVISED EDmOM. 



Fbom time to time since the first issue of the book^ corrections 
have been made of such errors as have come to the notice of the 
authors,! The present edition has been thoroughly revised. The 
most important changes in the first revised edition were in Chap- 
ters IX and XI, and in §§ 27, 28, 36, 63, and 76 ; some new 
matter was also added. In the presait edition, besides minor 
corrections and additions, Chapter YI has been rewritten. The 
page numbers, however, as a rule, have not been altered, so that 
where the book is already in iise there will be no difficulty in 
the way of the gradual introduction of this new edition. 

JtnrtB, 1880. 
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rNTEODUCTION. 

The various objects whicli constitute external nature pr&- 

Bent to the obaerving eye an mfinite variety of quality and 

ciFcumatance. Some bodies aio bard, others soft ; Bome are 

Little, others tough or elastic. Some natural objects ore en- 

■dowed with life, — they grow ; others are lifeless, — they may 

Wbe moved, but do not move themselves. Some bodies are in a 

f incessant change ; while others are bo immovable and 

inehangeable that they seem everlasting. In the midst of 

infinite diversity of external objects, where lies the 

in of Chemiitryt What ie the subject-matter of this 

.el 

When air moves in wind, when water moves in tides or in 
I fall of rain or snow, the air and water remain air and 
rater still ; their constitution is not changed by the motion, 
(wevet frequent or however great. A. bit of granite, thrown 
r from the ledge by &ost, is still a bit of granite, and no new 
IT altered thing. If a solid piece of iron be redueed to filings, 
I finest morsel lb metallic iron etill, of the same eubstance 
I the original piece, as will appear to the eye, if a morsel be 
EGciently magnified under the microscope. The melted, fluid 
L in the hot crucible, and the solid lead of the cold bullet 
a it, are the same in sabstauce, only differing ui ws^ftc^ 



fUEillVAL CUAXUES. 



iingeB are est^^^f 
tutional : they j^H 



tiO toinpeiatQie. In all these caaes, the changea 
and non-eesential, not intimate and constitutional : 
called phyiioal changes. 

2. When iron is exposed to the weather, it hecomea 
with a brownish, earthy coating, wliich beflre no outward resem- 
blance to the original iion ; and, if exposed long enough, the 
metal completely disappeare, being wholly changed into this 
very different substance, r>ttt. A piece of coal bums in the 
giate ^kd soon vanishes, leaving nothing but a little aebea. 
Dead vegetable or animal matters, buried in the ground, aoon 
putrefy, decay, and disappear. So, too, the fragment of granite 
which frost has broken from the ledge, exposed for centuries 
to the action of air and rain, becomes changed ; it " weathers," 
and after a time could no longer be recognized as granite. All 
these changes involve alterations in the intimate constitution 
of the bodies which undergo them : they are called cfasmloal 
changes. 

Experiment 1. — Mix thoroughly 3 grammes (for Tables of Ilia 
Metrical System of Weights and Measures, see Appendix) of coarsely- 
powdered sulphur with 8 grammes of coppei-fihngs or fine turnings. 
Xis. 1. Put the mixture into a tube of haid glass, No, 8, 

about 12 centimetres long, and closed at ona 
end. (For the manipulation of tubing, see 
Appendix, §§ 1 -4.) Hold the tube by tbe open 
end with the wooden nippers, as in Fig. 1, and 
3 heat the miixture over the gas-lamp (Appendix, 
§ 5), until it suddenly glows vividly at the in- 
(tant when the copper and sulphur combine. 

Before heat was applied, the mixture of the 
two substances was simply mechanical, and the 
L copper might have been completely s^tarated 
from the sulphur, by due care and patience ; but, 
during the ignition, the copper and sulphur have unit^ chemically, 
and there has been formed a substance, which, while containing both, 
has no external resemblance to either. In the new body the eye can 
detect neither copper nor sulphur. 

by which the whole character and appearance of 




A.\ALySIS AND SYNTHESIS. 3 

I the bodioi co&cenied are changed, as in this esperimeut, bo that 

tesseatially bov bodies ate formed from the old, are dwmuial 

1. It is the function of the chemirt, on the one hand, 

Rto investigate tiie action of each aubatance on every other, and 

I to atudy the properties of the combinationa resulting from this 

action ; and, on the other, to separate compound bodies into 

^ their simpler conatituente ; he fiirthec seeks the general laws 

by which tlie intimate combinationa of matter are controlled. 

With these ends in view, he endeavors to pull to pieces, or, in 

u technical language, tu anal^e, eveiy QBtural subetauce on which 

he lays hands. Uaviii)^ tliua found out the composition of the 

^ substance, he seeks to put it together again, or to recompoae it 

■• out of its constituent parts. By one or both of these two pro- 

11 cosses, — analysis (unloosing) and lynthesis (putting tt^etfaer), 

— the chemist studiea all substances. 
J 3. The liist question which the chemist asks himself con- 

ceming every natuial substanoo is. Of wJiat u it eomposedt' 
13b then attempts to resolve the substance into simpler consti- 
^ tuents. If he succeeds in decomposing it, he obtains the answer 
„. to this firat question ; if the body can not be decomposed by any ' 
•s. tnown method of analysis, the substance must be regstrded as ' 
3, "being already at its simplest. Such simple bodies are called 
'°^ elements. Secondly, the chemist asks. How does Otis ne^ tvb- 
^* tlaiiee comport itself when brouglu. into contact with other . 
■"* J tubstanees already familiar ? Between sixty and seventy sub- 
.. Stances are at piesent admitted to be simple, primary substances, 
■ Or elements ; other elementary substances may hereafter he dis- 
covered, and substances which are now regarded as elements 
(he Inay hereafter be found to be compound ; so that the number of 
the the substances considered as elements is subject to change, Of 
>ted sompound bodies, formed by the union of these elements with 
but, )aoh other, we find a seriea, numbering many thousands, in the 
"'v' jfnoigauio kingdom of nature, comprising all the diversified 
' pltieial constituents of the earth's crust ; while another series, 
bt more complex in coinpoaition, and almost innumemble in 
_ 'Hatlitude, exists in the vegetable and animal world. The task 
■tf ^ the chemist in thoroughly answering his second n^\£^\u^ 
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TTOtild dearly be endless, were it not for the existence of general 
pioperUes common to extensive groups of both elementary aitd 
eompound bodies, and of general laws wbick chemical proceaaei 
invariably obey. 

While, therefore, the chemist seeks the ansv^eis to the two 
fundamental questions above stated, he is at the same time in- 
quiring wliat relations exist between the properties of a body 
and its composition ; and he is also studying that natnml and 
Inyariable sequence of chemical phenomena, which, whea fiillj 
known, will constitute the perfect science of chemistry. 

4, Generalizationa from observed facta, ao long aa they 
uncertain and incomplete, are called hypotheses and theoiiei | 
when tolerably complete and reasonably certain, they are called 
lava. The attention of the student should be constantly & 
reeled to the keen discrimination between facU and the »pat 
iilation» founded upon those facts ; between the actual evidKUB 
of our trained senses brought intelligently to bear upon chemical 
phenomena, and the reasonings and abstract conclusions 1 
upon this evidence ; between, in short, that which we may 1 
and that which we may believQ. 



6. We are everywhere surrounded by an atmosphere of 
visible goa, called air. In motion, it is wind, and we recogniz 
its existence by its powerful effects ; but in the stiUest places 
exists as well. The presence of air in any bottle, flask or othei 
hollow vessel which is empty, in the sense in which this word 1 
ordinarily applied, can be shown vory simply by attempting t 
put soma other substance into the vessel, under such condition 
thirt the air can not pass out from it. 

If, for example, we wrap around the tliroat of a funnel with narroi 
itt, a strip of moiatened uloth or paper, so that the fimnel sliall f 
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tightly into the neck of a bottle, and then fill the fiinnel with water, 
ahaU observe that this water doea not run into the bottle. The 

iMttle which we haT& called empty is in nulitj filled with air, and 
this ail which prevents the water from entering the bottle. If, 
the funnel be lifted slightly, bo that the month of the bottle 
no longer be completely closed by it, the air within the bottle 

will pass out, and the water in the funnel will instantly flow down. 

6. We may actually pump the iiir out of the bottle by meana 
apparatus known as the ai^plUIlp ; or w» may remoTe a 
portion of the air by Buction. 

. — Fit to any small flask or bottle a perforated cork (for 

the njiuiipuliition of corks, see Appendix, ^ 0), to which bus been 

adapted a abort piece of glass tubing. No. 7. Slip over the end of 

this g1ai!S tube a short piece of caoutchouc tubing. Suck part of the 

out of the flask, and then nip the caoutchouc tube with thumb 

id finger, so that no air shall re-enter. Immerse the neuk of the 

in a basin of water, and release the caoutchouc tube. Water 

instantly rise into the flask to take the place of the air which bos 

sucked out. 

The water, in this Qsperiraent, ia forced into the flask 
ly the preasuro of the superincumbent atmosphere. Air has 
■weight, a litre of dry air, at the temperature of 0°, weighing 
1.2032 gramme. It haa been determined that the force with 
'hich the air is attmctod to the earth ia on an average equal 
a weight of 1,033 kilogramme to the square centimetre of 
That ia to say, the ocean of air above us presses down 
ipon every square centimetre of the earth's surface with a force 
equal to that which would be exerted by a bar of metal, or othir 
substance, a centimetre square in section and long enough U. 
weigh 1.033 kilogramme. If such a bar were constructed of 
iron, it would be 1.3 metre long ; if of water, — and a bar of 
this auhatance can readily be made by enclosing the water in a 
tube, — it would be 10.33 metres long. 

In addition to the qualities already mentioned, we find air to 

be tasteless and odorless ; it is also colorless when in smnll 

depths, but exhibits a blue tint when ieen in large masses, as 

Tfhen in the absence of clouds we look n*- tho akj 01 ^.t a SiAa.w'i. ■ 

Lmomitain. 



<< depth, 

a«,h.n 

wnount 
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8. We will now proceed to study the ehamioal properties of 
air, first asking the question, 0/ what is air composed ? When 
a bar of iron is heated in the air, as at a blacksmith's forge, it 
becomes covered with a coating, which flies off in scales when 
the iron is beatfm upon the anviL If a piece of wire or ribbon 
made of the metal magnesiiim be touched with a match, it will 
take fire and bum, and be entirely converted into white ashes. 
With the exception of gold, silver, platinum and a few other 
exceedingly rare metals, all the metals bum, or rust, when 
heated in th^ air. If no air be present, this rust or ashes will 
not be formed, however long or intensely the metal may be 
heated. But in what manner is the rust formed ? Is something 
driven out of the metal into the air, or does something come 
out of the air and unite with the metal 1 This question may be 
answered by experiment. If a weighed quantity of tin-foil 
be heated in a porcelain dish over the gas-lamp, the metal is 
gradually converted into white ashes. When all the metal has 
ihvLB been changed, and the ashes have been allowed to cool, it 
will be found that the ashes are very sensibly heavier than the 
original metal. 

9. It is possible that during the heating the metal may 
have lost something, but it is certain that it has gained more. 
We have, therefore, taken something out of the air, which, 
gaseous in the air, has become solid in the white ashes of the 
tin. It would be possible to recover from the tin-rust the some- 
4hing thus taken from the atmosphere, and to compare it with 
eommon air, and so leam whether the matter which combined 
with the heated tin is air itself, or only a part of the air. The 
process, however, would be a circuitous one. From the rust 
of other common metals, as from that of mercury, for example, 
the absorbed gas can be very easily expelled. If metallic 
mercury be heated for a long time in the air, it will be en- 
tirely converted into a red substance known as '* red oxide of 
m^cnry." 

Bxp. a — Pat into a vA of hard glass, Na 2, about 12 c m. long, 
10 grammes of the red iiifeuiji oxide. Tubes of hard glass, for such 
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i, will be hereafter designated as " ignition-tabea;.'' Attach to 
a ignition-tube, by means oi' a perforated cork or caoatchouo stop- 
per, a delivery-tube of glass, No. 8, yi^, a. 
of Buch shape and length that it 
ehull reach beneath the inverted 
saucer in the pan of water, aa re- 
presented in Fig. 2 ; the lower end 
of the ignition-tube ahoitld be about 

4 0. in. above the top of the lamp. 
The tube may be suppoited on 
iron stand, and should be inclined % 

05 represented in the iigiire. (For 
a description of the pneumatic tmugh, tee Appendix, § 11.) 

Upon beating the ignition-tube, gas will begin to escape from fte 
delivery-tube, and bubble up through the water. The first portion is 
simply the atmospheric air which filled the tubes at the beginning 
of the experiment, and which ia expanded by heat This air may be 
collected in a small bottle by itself, and thrown away. The volume 
of gas thus thrown away should not be much greater than that of the 
tubes. As the ignition-tnbe becomes hotter, gas will be freely given 
off from the mercury oxide contained in it, and should be collected in 
bottles of 100 to 150 o. c. capacity. 

It is necessary to avoid heating intensely any atngle small spot of 
the ignition-tube, lest the glass soften, and, yielding to the pressure 
from within, blow outward, and so spoil the tube and arrest the ex- 
perimenL The gas- flame should be so placed and ri^ulated as to beat 
3 or 4 c m. of the tube at once. 

As soon as the disengagement of gas slackens, lift the iron stand 
up, and take the delivery-tube out of the water, taking care that no 
water remains in the end of the tulie. Then, nnd not till then, extin- 
guish the lamp. (See Appendix, § 11.) Ia the upper part of the 
ignition-tube, and sometimes in the delivery-tube also, metalhe mer* 
enry will be found condensed in minute globules. The liquid metal 
^olatile at the temperature to which it has been subjected, and has 

" illed away Irom the hot pait of the tube, and condensed upon the 

Jf alighted splinter of soft wood be introduced into a bottle of the 
■ just collected, it will bum with much greater brilliancy than in 
Bail. If a candle which has just been oitinguiahed be thrust, while 
■■wick BtiU glows, into another bottle of the gas, the glowing wick will 
It into flaine,and the candle will burn with extraordinary brightness. 
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10. It is very obvious^ from these experiments^ that tlie gas. 
which enters into the composition of mercniy-nist is not- air 
itself ; but, since it came originally from the air, if it is not the 
whole of air, it must be a part of flic It has, indeed, been fbund 
to be a constant congtituent of the air, and a chemical ele- 
ment of very various powos and gcwX importance. It is. called 
oxygen, and under this name will form the subj.eGt of tha-nexlr 
chapter.. 

1 L. If oxygen, be not aiir itself, but only a constituents of aic, 
it £q11qw» tbeli ais must have, o^er constituent^ or, at least, one 
other constituent. If mercury be heated for a long time m 
contact with a certain confined portion of air, it will abstract 
from this air aU of the oxygen,, and there will be left 
a gas diffenng from both oxygen and common air. It is 
unfit for the support of combustion and of animal life ; a candlO' 
is instamtly extinguished by it, as if plunged in water*; asd 
small animals, thrust into the gas, die in a few seconds. Thei 
gas is, in reality, a second elementary substance, distinguished 
by marked chemical and physical peculiarities. It is called' 
nitrogen, and under this name will bo more completely studied 
in anothei ch^ter. 

If the experiment be so conducted that the bulk of the original air, 
and also that of the residual nitrogen, can be measured, it will be 
found that the latter gas occupies four-fifths as much space as the air 
did at the beginning of the experiment. Besides oxygen and nitrogen, 
minute quantities of two or three other gases are found in the air, 
either uniformly or occasionally ; but the amount of these gases is 
relatively very small, and they will not be considered at present 

The air, then, is not an element, but is- a complex substance ; 
and its two principal ingredients are the elementary bodies, oxy- 
gen and nitrogen, mixed in the proportion of four measures of 
nitrogen to one of oxygen.. 



I13.J 



12. Oxygen gas may be obtained, as has already been seen, 
■by iieating mercury oxide : it may, however, be prepared in a 
+ttriety of ■ways ; among others, and very conveniently, by heat- 
jng a mixture of potassium chlorate and manganese binoside, 
^two chemical substances whose constitution will bo studied 
jbereafter. 

- Mis intimately 5 gtaramea of poWsBimn chlorate with 5 

" black oxide of manganese," which has been previously 

'ell dried. Place the mixture in a tube of hard glasa, No. 1, 12 or 

5 c m. in. length. Attach to this ignition-tube, by means of a per* 

ted cork or caoutchouc stopper, a delivery-tube of glass. No. 7, bb 

iprcsented in Fig. 2, and described upon pi^ 7. Heat the mixture in 

le ignition-tube, and collect the gas which will lie given off in bottles 

fjars of the capacity of about 2B0c,c. The first 100 c. c. or so of gas 

ihould be rejected, since it will be contammated with ihe air originolly 

eontained in the apparatus. 

In performing this experiment, the following precautions shonld be 
SWrved. I. Both the potassiom chlorate and the mangnneae bin- 
ide should he perfectly dry and pure ; that is, free from moisture, 
particles of oi^-anic matter. 2, As soon as the oJ^gen b^ins 
be delivered, the heat beneath the ignition-tube should be dimiit- 
led, if need be, and so regiilated that the evolution of gas abaU be 
iqnil and uniform. 3. The uppermost portions of the miiture 
lould be heated before the lower. 4. The ignitinn-tube should never 
! filleil to more than one-third its total capacity, lest particles of solid 
matter be projected into the delivery- tube, and the outlet for the gaa 
be thus stopped. 5. The ignition-tube should always be inclined as 
represented in Fig. 2, and never placed upright in the flame. 

13. Oxygen is a tronsparent and colorless gas, not to be dis- 
rguished by its aspect from atmospheric air. Like mr, it has 

leither taste nor smell. It i^, however, somewhat heavier 
If the weight of u measure of air bt Xaken. aa X, 
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then the weight of the same measure of oxygen is foiifidt 
1,1056. One of its most striking chameteristica is its ] 
of makiag things bum. This has been already illustrated I 
Exp. 3, § 9. 

If a piece of phosphorus the size of a small pea, having been n 
dried between pieces of blotting-paper, is placed in a deflagratii 
spoon, touched with a hot wire or a lighted match, and then thrust 
into a jar of oxygen, it will bum with intense brtUiancy, and with the 
I'lmiiHtion of a dense white smoke. The following eKperimeuts will 
still further illuBttate thia jiroperty of oxygen i — 

Fi*. s. Exp. 5. — Place in a deflBgrating-aiMion (see Appendix, 
§ 1^) a bit of su]|)hur as large as a pea. Light the sulphur, 
' and thrust it into a bottle of oxygen. It will biUTi with » 
I beautiful blue flame, and much mure brilliantly than in 
I A suffocating gat is at the same lime produced. 

Bzp. 6. — Place a piece of charcoal — that of bark is 
— in a deflagra ting-spoon. Kindle the charcoal by holding 
n the flame of a lump, and then introduce it into a bottle 
" oiygen. It will burn yividly, throwing off brilliant spaiw 
if bark-charcoal had been employed. In this experiment, as in the 
preceding, the products of the combustion are obviously gaseous, no 
solid substance being formed. 
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Uaay aub«tances commonly called incombustible because they do not 
bum readily in ordinary air, bum vigorously in oxygen. Of these, me- 
Vif. 4, tallio iron may be taken as an example, A watch-spring, which 
has been rendered flexible by igniting it and allowing it to 
tool slowly, is made into a spiral coil, and to the end is at- 
tached a bit of tinder or of twine soaked in sulphur. If the 
tindUng-material be lighted, and the spiral then plunged into 
ajar of oxygen, the iron will bum brilliantly with scintillation. 
From time to time, glowing balls of molten matter fall off irom 
the wire, and bury themselves in the layer of sand which 
should have been placed at the bottom of the bottle. 

14. It 18 thus clearly proved that iron, when red-hot, com- 
bines with oxygen. It is the burnt, or oxidized iron which falls 
in globules to the bottom of the bottle. The compounds which 
are formed by the union of oxygen with other elements are called 
oxides. Till' substanci's which have been heretofore mentioned 
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under the more familiar nonie of nut, like iron-rust, tin-rust, 
mercury-ruat, are called, in chemistry, ozidei j aa iron oxide, tin 
oxide, mercury oxide. 

15, The most important quality of oxygen is, that, with a 
■wngle exception, it unites with all the other elements to form 
compounds which are sometimes solid, as in the case of iron, 
aod sometimes gaseooa, as in the case of aulphur (Sxp. 6). 
Oxygen ia the most widely diffused and the most abundant of 
all known auhetauces. Not only does it constitute about one- 
toth the volume of the air, but at least one-third of the solid 
loruat of the globe is composed of it. It is the chief ingredient 
of water, as will appear in a subsequent chapter. Silica, in 
aU its varieties of sand, Hint, quartz, rock-crystal, etc., contains 
Bibout half its weight of oxygen ; and the same is true of tho 
various kinds of clay, and of clialk, limestone and marble. It 
enters lai^ly into the composition of plants and animals, and 
is absolutely essential to the maintenance of animal and rego- 
tahle life. 

16. The combination of oxygen with various substances is 
often accompanied by the development of light and heat, as in 

I Ezps. 5 and 6. All the ordinary phenomena of fire and light 

I which we daily witness depend upon the union of the body 

I burned with the oxygen of the air. Indeed, the term oombni- 

' tion may, for all ordinary purposes, be regarded as synonymous 

! with ozidatioiL 

^^B17. The simplest method of preparing nitrogen i 
^^K the oxygen from a confined portion of aiTj bf ^hoaghor 

^^» a jet of hydro — " ~ 
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Bxp. 7. — Into a fimaU porcelain uapaule, BUpporleil on a piece 
of Btout iron wiie bent aa rejil'eseuteil iu Fig. ii, j>ut about a cubic 
e of phoapburus, and itet it un lire. Invert uver the capeuk 
Fig, 5, a wiJu-niuuthed bottle, of tbe capnuitj 

litre or more, ami hold this botlU 
,bat its mouth ahall clip tiennidi 
. the Burfate of the water. During the 
first moments of tbe combustion, tbe 
beat (kveluped thereby will cause tbe 
air within the Ixittle to e:£pand to raoh 
an extent, that a few bubbles of the aii 
will be expelled ; but, after several aec^ 
ondfl, water will rise into tbe bottle U> 
take the place of the oxygen, whidi has united with the phosphorus. 
The dense white cloud which flUs the bottle at first ia a compound 
of phoaphorua and oxygen, whiuh ia soluble in water. It will, there- 
lore, soon be absorbed by tbe water in tbe pan, and will disappear ; eo 
that at the close of the experiment nearly pure nitrogen will le left 
in the bottle. But, as the phosphorus ceases to bum before the last 
traces of oxygen are exhaufited, the nitrogen obtained by this method 
is never ttbsohilely pure. 

Remove the wire with tlie capsule, which may be readily done Ipy 
tipping the bottle to one aide, taking care that tbe mouth does out 
come out of tbe water, and slip a glass plate under tbe mouth of tEe 
liattle ; invert the bottle eo that it stands upright, and thrust a hum- 
ing splinter of wood or a lighted candle into the gas ; it will be in- , 
atantly extinguished. 

Nitrogen may also be prepared by passing a stow stream of air over 
bright coppeivtumings heated to redness in a hard gkas tulie. Tliel 
copper combines with the oxygen of the air, and retains it ; while the ' 
nitrt^en escapes from the tube, and may be collected over water, 

18. ITitrogen. is a transparent, colorless, tasteless, odorleaj , 
S,'aa, not quite as heavy aa air. In its chemical deportment 
towards other substanooe, it is remarkably unlike osygeii, 
Whilst oxygen ia active and, as it were, aggreaaive, nitrogen, 



at least when in the condition 
mnrkably inert and inditferent i 
nation with other bodies. It is 



whioh it e 

sgarda entering into eombi- I 

marked rather by the absence I 



of salient 'ihamcteristita tlutu by any active properties of its I 
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Aa it extinguishes flames, so it destroys life. Animals can 
not live in an atmoapLere of pure nitrog€in. It is not poison- 
ous ; if it were, it could not be liroutlied in such large quanti- 
ties aa it is in air. An animal immersed in it dies simply &om 
want of oxygen. 

Nitrogen is widely diffused in nahire. Eesidea occurring 
in the air, it is a constituent part of nil animals and vege- 
tables, and of many of the products resulting from their de- 
composition. Notwithstanding the indispjsition of nitrogen 
in the free state to enter into combination, a very laj^ num 
ber of interesting and important compounds can be formed by 
resorting to indirect methods of efl'ecting its union with other 
elemonta. 



CHAPTER IV. 

WATER. 

Another natural substance, quite as common ns air, is 

Wftter. Three-fourths of the earth's surfiice ia covered with it. 

It is diffused through the atmosphere in the form of vapor, and 

9 constituent of all animal and vegetable substances and of 

»ny mineials. We take -jp next this familiar substance, in 

r that we may gain, through the study of it, a deeper insight 

) chemical principles, and enlarge our experience by making 

bquaiutance with a new element. 

At the ordinary temperature of the air, pure water is a 
isparent liquid, devoid of ta^te or smell. In thin layers, it 
bpeais to be colorless ; but large masses of it are distinctly 
s seen in niidnDcean, in many deep lakes of pure water, 
masses of ice, such as icebei^ and some glaciers, where 
# is possible to look through the ice from below. 

At 4°, the temperature at which it is densest, water ia 
f73 times heavier than air at 0°. A cubic centimetre of water, 
A temperature, weighed in a vacuum, is oui unit of weight, 
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— a gramme; therefore, one litre of wat^, whkh meai^ues 
1,000 cubic centimetres, weighs a kilogranune. 

Pure water at 4°, the temperature of its greatest densify, is 
taken as a standard to which the weights of equal bulks of other 
substances, liquid or solid, are referred. In other words^ the 
specific gravity of water is taken as 1 ; and in terms of this 
unit the specific gravities of all other liquid and solid substances 
are expressed. The specific gravity of gold, for example^ is 19.3 ; 
that is to say, the weights of equal bulks of water and of gold 
are to one another as 1 to 19.3. 

22. When exposed to a certain degree of cold, water cxyatat. 
lizes with formation of ice, or snow, according to circumstances ; 
and, upon being heated sufficiently, it is transformed into an 
invisible gas, called steam. Both these changes, however, are 
purely physical : the chemical composition of the water is the., 
same, whether it be liquid, solid or gaseous. The temperature 
at which ice melts is one of the fixed points of the centigrade 
thermometer, numbered 0°, and the temperature at which water] 
boils, under a pressure of 760 m. m. of mercury, is the other 
fixed point, numbered 100°. Water evaporates at all tempera-j 
tures, and is therefore a constant ingredient of the atmospheraj 
Even ice slowly evaporate^s, at temperatures far below 0°, without' 
first passing into the liquid condition. 

In crystallizing, that is to say, in assuming the solid form^ 
water increases in volume. From this fact result many familial 
phenomena, such as the floating of ice, the upheaving and disin- 
tegrating action of frost, and the bursting of pipes and othei 
hollow vessels, when water is frozen in them. 

Steam is a colorless, transparent gas, as invisible as atmos 
pheric air, and considerably lighter than it. When steam 
capes into the air, it is partly condensed to the liquid state an( 
there is formed a multitude of little globules precisely similar to| 
^he minute drops of water which make up ordinary clouds an( 
fogs. This steam-cloud is sometimes improperly spoken of aJ 
steam or vapor, an error against which the student should be o] 
his guard. Similar fogs are formed whenever the atmosphere \i 
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cooled to a temperature so low that the aqueous vapor contained 
in it can no longer exist in the gaseooa state. 

Water cnnducta heat very slowly ; it may even be boiled for 
many minutes at the top of a teat-tube, while the lower end of 
the tube ia held in the fingers without inconvenience. 

23. Let us now pass to the analysia of water. Of what is 
water composed ) We can determine this point by methods 
similar to those which were adopted in the examination of ait. 
At a low red heat water can be decomposed by sevoiul of the 
metals, auch as iron, tin, zinc and magnesium. Iron is well 
adapted for this purpose. 

If water be boiled in a suitable flaak, and the ateam passed throng 
an iron tube (a piece of iron gas-pipe answers very well) filled with 
bright iron -turnings, and heated red-hot, the steam is decomposed^ 
a gss eacapea from the tube, and may be collected over water. Oi? 
the appUcatiou of a match, the gus will bum with a pale blue flame. 
This goa is one of the constituents of water, and is called bydrogen. 
H after the tube has become cold, the iron-tuminga be removed, they > 
1 will be found to be covered with a black coating similar to that width 
llbrms on iron heated in the air. 

1 24. There are certain metals which are capable of decomposing 
.(water without the application of heat. The metal sodinni pos- 
lesses this power. 

- Make a small cylinder of wire-gauic, by rolling a piece 
I fine gauje, about 6 c. m. square, around a thick piece of No. 6 
B tubing. Twiat fine wire around the cylinder, in order to pre- 
-e its form ; then slip the cylinder ofT the glass, and close one end 
i by pressure with a stout pair of pincers. Within this cylinder 
~ &-gauze place a piece of metallic sodium as large as a pea, and 
B dose the upper end of the cylinder by pressure with the pincers, 



Attach the wire^uze cage firmly 
ti^lathe end of a piece of etout iron wire 
1 thrust it quickly into the water- 
) that the cage will come di- 
f under the mouth of a small 
[ about 100 c. c capacity, 
b has been previously filled with 
1 lieiil inverted 
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n eoutaet with the aodiiim,ib 

gSA uill \iegiii tn eiieape From the wlre-^uze cage, nnd, ] 
through UiG water, will collect at Ihu tup of the inverted j 
When itie evolution of gas has ceaaeil, doM Ibe uioath of t' 
with a amall plate rjf glow, turn the bottle mouth upjierniostjl 
the plate, and touch a lighted match to the gna. The gas wi|| 
fipu with a eudden flash. The gns i* hydrogen; the aotHoi 
united with the other ooiiatituent (or conetitueiits) of the podE 
water decompoied, and the now compuund fonned is dtHolvedj 
wntei in the paii. ' I 

25, By these experiments it has been proved that \ 
the components of water is a gaa called hydro^n, 
1 the exception of the coating upon the iron alluded J 
anu{ 23, we have as yet nothing to indicate what o^i 
invjferedienta the water may contain. Such evidence i 
pi* ever, be readily obtained by resorting to another i 
M analysis. 

? If a galvanic current in caused to flow through wat«r, thefl 
FlK. T. which the constituente of the water are heldj 

will be overcome, and the water will he n 
the elements of which it is composed. On i| 
ing the platinum poles of a 
water, to which a little snlphuric acid 1 
added for the purpose of increasing ita c 
power, minute bubbles of gas will immedid 
given off from these poles, and will be b^ 
through the liiiiiid. If the apparatus be eo !d 
that we can collect the gas given off from eaj 
in a test-tube filled with water to which a lid 
phuric acid has been added, it will be fouo 
twice as much gas has collected in the one tulJ 
the other. If the test-tube containing the 
ralurae of gas he now closed with the thumb, 1 
mouth uppermost, and the gas within touched 
lighted match, it will take fire and bum with the characterisfio 
of hydrogen. It is, in fact, hrdrogea, It the smaller volnj 
1 the other tube be examined iu the same way, it will n 
E, although it gives intense brilliancy to the combustion i 
Itch, ir a splinter of wood, retaining but a single ignited q 
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fid in the gas, k ui»tautly exhiiiita a, vivid iiioaadesoeuue, and 
stent burets into ftHme. Thia gas iii oxj^Ba. 

th.nB proved, that out of watot uiuy^ be unloosed two volumes 
togen, and unu volume of oiygeii. It reniaiiis to aee whether 
pwiduce water t'roni a iniiturii of oiygeii and lij-drogen. If wo 
be ijito a stout test-tube a miiture of two volumea of liydtonL'ii 
) Toiume of onygen, on touching a lighted match to the uiixeil 
inatantly explodes witli great violence, the hydrogen burning 
^, 8D that fur a mou^tt a tlash of dame fiJla the whole iiiteriur 
tube. After the explosion, water will be I'ouud depusiled as 
on the inner walls of the tube. 
ke temperature of the air, and under urdinuiy drcumBUucea, 

and hydrogen do not combine uhemicaUy. Upon being 
^ , together they simply mii; with one another mechatiiuilly, in 
fifty with the physical laws which govern the diifiiaion of gusea. 
Her the influence of heat, of electricity and of i«rtain other 
the two gaaes will unite chemically, and vrill thne again 
ed into tlie water from whence thej were derived. 



"We have thus eatabliehed the GompositioD of water by 
ia, having, through the agency of the electric current, 
d water into two gaseoua constituents, hydrogen and 
\ ; and we have aUo demonstrated, by the convarae or 
tical method, that hydrogen and oxygen are its only 
nents, since wa have reproduced water by effecting the 
ftl union of these two elementary materials mixed in duo 
tion. There is one important point in the combination 
B elements still to be conaidored. If the union of tlio 
en and oxygen be effected in an apparatus an arranged 
fi water formed by the combination ia kept at such a high 
|»ture, that it remains in the gaseous condition under 
it is known as dry steam, it is found that the two vol- 
if hydrogen and one volume of oxygen which were mixed 
ff have become compacted by uniting chemically into two 
|B of steam. 

jjual Toluinea of hydrogen and oxygen be represented by 
squares, having the initials of the elements inscribed 
a compofiition of water by volume, and the copdensa' 
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A TOMS AND MOLECULES. 



tion which occurs when the chemical union of the el 
takes place, may be thus expressed to the eye : 

Each smallest p 
or greatest conceival 
ume of steam will i 
-|- O =1 HjO bly yield, on decomp( 

its own volume of 
gen, and half -its voli 
oxygen. 
2?. It has been agreed among chemists to call by '(he 
moleoille the least quantity of a compound, or of an ek^n 
substance which can exist by itself uncombined, or 
in any chemical process. The smallest conceivable porj 
water (which by this definition is called the molecule) li 
laiger quantity of water, is made up of hydrogen and o 
and if decomposed would yield twice as large a volu 
hydrogen as of oxygen. The smaller masses of matter 
make up the molecules are called atoms. The t«rm aton 
be defined as the smallest quantity of an element whic 
be conceived to exist in combination. A molecule, as i 
contains more than one atom, and may contain a great nu 
these atoms may be all of one kind, in which case the nu 
is that of a simple substance, or they may be of several kii 
in the molecules of compound substances. 

There is good reason to believe that equal volumes ( 
elementary gases, oxygen and hydrogen (also nitrogen anc 
rine to be studied hereafter) contain the same number of j 
(See § 140.) If this be true there will be in the molec 
water twice as many atoms of hydrogen as of oxygen, b 
when any quantity of water whatever is decomposed, it 
twice as much hydrogen by volume as oxygen. The s; 
H9O, which has been already used to indicate the volu 
composition of water (§ 26), may also be used to indica 
atomic composition ; the Hs will represent two atoms of hyd 
the O an atom of oxygen, and the H^O a molecule of watei 
28. It must be distinctly borne in mind that as to the 
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ate 8i» of ths afamas ve kwiv wkiuk; t^ hbb Ihixig is 
nie with r^ud to their ahwintp wf4jhL It is, boverex, 
liffieBlt to deteBDune their relaiiTtr wekiii. If we Xkk^ ibe 
f IqrdiogHK snd OKYgen, adt giren bulk of oxT-gen wcdz^ ^^ 
fasw «3 mmch «8 the auK bulk of LTdngezL and as ijms^ *^ 
he aune nmnber of atoBw in eqaal hoiks cf titese Vv-o g>9BS« 
he ni^e atom of oxj^a^ mast wadi 16 duaes «« iiit>c1il ^ t^*^ 
in^ atom of hjdiogeii. The mnnheis I and 1* "^ c^aied U»«^ 
Ktflode vei|^ti of hrdiogai and oir^n. KSj^ejcTiTe^J- a^r^^ n ^ 
leanUe, afthoi^ not ahrajs tr the ause metbc^i ^ ^^r^i^rcii'- 
he niatiTo we^its of the atoms of all tbe ei^=*^^t^ Tt^ 
(iDmie vdg^t is^ in each caae, re^errBi to lisa* ^' ^IT-irjgf:^ 
rhich 18 called 1. 

we^tB of hrdrogm and oxjig^^ ^ *^*^:iitte iJi 
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np of two atoms of hydrogen aad one atoc^ ^^ ^^^S%ii_ the 
hy weight in which these two deoieii^ *^ *^^^*X5ihiii€»d 
wiU he«82tol6, waslto B. 
Haying thna aneoeeded in determining tb^ ^^^^^-^^Unstiim 
^anr and Wlter, we are natnrally ksd Vj icqoii^ whetL^^r it 1^ 
poaaihle to reeolYe oxygen, nitiogen and hydrc(i?en tli*ii^,se}Tee 
aimpler finms of matter. To tliis onecstion hot orie an^w^r 
he made, namely, that oxygen, ikitiogen and hydirirg^ ^^^ 
>Ie of deccmipositicm by any iSK^s^rift as y^ at our diapoaaL 
therefore, justified in regax^ciiog these gaam as timpU 
ehment i^ in contiadiatinetioii to deeompoaaUe hodica, 
as air and water. 
The wiler which oeenrs ix& XHOnre is nerer lAmAnUAY 
In the fonn of ice, and as i^ ftlla foan Oie €^>a^ls as 
or snow, it is, indeed, tolersaWv fee fean foreign sab- 
; but, after having once soetked into the groTmd, it 1^ 
charged with a yaiiety of miiieraZ and other aul>«rtiantta, 
being soluble in water, are diaeoived by it a* it trickles 
the earth, 
the proportion of aolnUe matter oontain«,l in tlie water 



so 



DISTILLA TIO.V. 



ia unusually laige, and particularly if it poa^eees mariced 
cinsd properties, the water is called mineral water, and the 
from which it issues are known og mineral Bprings. 
may be r^arded as a variety of mineral water. 

31. For the conduct of chemical inveBt^tious, it ia 
necessary Ui purify natuml water. This is done by a pi 
called distillation. As a, general rule, distilled water ia employri- 
iu all Ueliciate chemical operations. 




!i retort of 500 c. 



Fu-a. 




s. capacity, put 200 or 300 c. c. of 
well-water. Thrust the neck of tla 
retort into a half-litre receiver placed in 
a pan of cold water. Cover the re- 
ceiver with a cloth or with coarse papa, 
anil upon this pour cold water fHm 
time to time, or pile upon it fragmenl^ 
Place the retort upon wi» 
in a ring of the iron laiiip-gtand, 
J nnil adjust the distance of the retort 
from the lamp as dcFicrilied in Exp-i 
ri(;. 2. Light the lamp heneath the retort, and hrinp the water I 
boiling. Ab fast as the water in the retort ia converted into s 
this vapor will pass over into the cold receiver, and will there Ik 
densed again to the liquid condition. Continue to hoil until abol 
three-quarters of the water in the retort has evaporated. 

The earthy and saline ingredienta of well-water are for the Dlo 
part not volatile : very few of them are capable of accompanying tl 
water afl it goes off in vapor ] hence the greater phrt of the o: 
impurity of tlie water will remain behind in the retort 

Exp, 9 a. — Place a few drops of the distilled water obtained 
the preceding experiment upon a piece of platinum-foil (Apjiendi 
§ 14). Hold the foil with iron pincers above the gas-flame in such 
manner that the liquid may slowly evaporate without boiling ( 
B])irting. After the water has disappeared, no residue will be fouoT 
upon the foil. Take now ihe same number of drops of water frnn 
out the retort, and evaporate them upon the foil as before. A 
decided residue of earthy matter will be left upon the foiL 

32. In the opemtion of distillation, the substance 1 
distilled must in the first place be converted into the couditiol 



WJTA'R DISSOLVES OASES. 

ot yspoT ; this vapor must next be transferred to fuiother 
and there, hy refligeration, he again condensed to the liquid 
state. As will appear from the foregoing experiment, the 
vaporiaition is eflected iu the retort or still, and the refrigera- 
tion in the condenser. In th« fxperiment above given, the 
receiver acts at once as receiver and condenser; hut in many 
cases it is Letter to interpose a cooling-apparatus between the 
retort and the reeeiver. A convenient form of such apparatus, 
known as Liebig's condenser, is arranged so that the vapnc to 
be condensed must pass into a long tube which is kept cool by 
being enclosed in a larger tube through whieb cold water is made 
to circidate. A figure representing such a condenser will be 
found on page 146. 

33. The mineral and other substances alluded to above are 
not the only impurities of natural water. It contains also oxygen 
and nitrogen in BolutioUj as both of these gases, which are present 
in the air, are somewhat soluble in water. Tliat water does 
actually contain dissolved gases may be shown by the following 
I experiment. 

— By means of a sound perforated cork or caoutchouc 

r, adapt to a flask of the capacity of 1 or 2 litres a gas-deliveiy 

Ifcb^ No. 6, long enough to reach to the water-pan in the nsual way. 

Bpon the outer end of the delivery-tube tie a nhnrt piece of ciioutchoue 

ing, to which a stopper made of a bit of glass rod, or a wooden 

" n fitted. Fill the fiaek completely with oidinary well or 

r water ; fill also the delivery-tube with water, and dose it by 

ing the stopper in the caoutchonc tube. Carefully place the oork 

M the delivery-tube in the neck of the flask in euch manner that no 

r shall be entangled by the cork ; at the same moment remove the 

g from the delivery-tube, and finally preaa the cork firmly into the 

Both flaak and tube will now lie completely full of water. 

J'Bace the dried flask upon a ring nf the iron stand, and invert a bottle 

i with water over the end of the delivery- tube. Now slowly 

g the contents of the llosk to boilhig. 

if As ttie water gradually becomes warm, numeroiis little bubbles of 

Bwill he Been to separate from the liiinid, and to collect upon the 

i of the flask ; these subsequently coalesce to larg: 

Hb^ in the neek of tiie fla«k. As wjoa bb "i^ 'naiuGE wAx 
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boils, the steam will force this gas out of the flask, and it will ( 
in the inverteil bottle at the end of the delivery-tube, the steam 
meanwhile condensed as fast as it comes in contact with the cold 
in the pan. By continuing to boil moderately during ten or i 
minutes, nearly all the gas can be swept out from the flask by i 
of the escaping steam. The delivery-tube may then be lifted 
the water-pan and the lamp extinguished. As to the exact cha 
of the gases thus collected we shall learn something in a subse 
chapter. 

34. As might be inferred from the foregoing, water ha 
property of dissolving many substances, soHd, liquid and 
ecus. Sugar, for example, dissolves readily in water ; but 
is insoluble therein. A substance is said to be soluble in i 
when it is capable of being divided in and dispersed thr 
the water so intimately and completely that its particles be 
invisible, and can no longer be separated by filtration ; 
result of this coalescence, or the solution as it is termed, 
transparent Hquid, as a general rule scarcely less mobile thai 
water itself. 

Of the various substances soluble in water, some dissolv 
far larger proportion than others. With some liquids, as ale 
for example, water can be mixed in any proportion ; but 
ether it dissolves but Httle, and of oil none. The propoi 
of any substance that can be dissolved in a given quantit; 
water is usually limited, and, under fixed conditions, is defi 
and peculiar for each substance. When a given quantity 
water has dissolved as much of a substance as it is capabL 
dissolving at the temperature and pressure to which it hap^ 
to be exposed, the solution is said to be saturated. Of ne 
aU solid substances, hot water dissolves a greater quantity t 
cold water : gases, however, are less soluble in hot than in 
vater, as already illustrated by Exp. 10. 
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CHAPTER V. 



35. The commonest method of preparmR hydrogen ij,^ 

Bating zinc or iron witli sulphuric or muriatic acid. U vi& 

bery large quantities of the gas are neeiled, this method is myg 

e convenient than either of those heretofore mentioned. ' 




\ c. m. high, and of 500 or 80( 
n internal dianiuter of 2.5 to 3 

tig. 9. 



Bxp. 11. — To a bottle 18 i 

Vbapacity, the mouth of whi^^h 1 

i caoutohonc stopper or a 

Isound cork, fiimiBhed with 

I thistle-tube, Fig. 9, and a 

3 delivery-tube, of No. 6 

Within the Iwttle put 

r 20 giTOB. of granulated 

r sniall Bcraps of the 

sheet metal, and as much 

_ water as will fill ahouL one- 

;r of the bottle. Keplace 

le cork in the bottle, taking 

1 tightly, 

i gradually pour in com- 

I nmriatie acid through 

e thiBtle-tube. The IhiBtle.-tube must reach neatly to the bottom 

,e bottle, BO that ita point may dip beneath the water ; and the 

LC acid must he added by small auctesaive portiona, — not more 

n a large thimbleful at a time. 

n the addition of the first portions of the acid, chemical action 

!1 oisue, the contents of the Ijottle will become warm, and gaa will 

n to BBcape from the Iir[uid. This gas is hydrogen. 

' After all the ail has been expelled from the bottle, the hydrogen 

bay he collected over the watet-pao, in inverted bottlea filled with 

The moment at which the hydrogen ceaaes to he contaminated 

can be determined by collecting anmll portions of the eacap- 

a wide-mouthed bottlea of about BO c. c. capacity, and ^^^Jiciif, 
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bottle filled with gas must not be turned over, but should be carefuUj 
lifted from the water without changing its vertical position, and th( 
lighted match should then be applied to the mouth of the bottle 
If the hydrogen be pure, it will bum tranquilly at the mouth of anc 
within the bottle ; but, in case the gas is still mixed with much air, i 
*»harp explosion will occur at the moment when the match is touchec 
theH. In experimenting with hydrogen, no light should ever Ix 
of thght into contact with the contents of the bottle in which it it 
chaterated, or with any large quantity of the gas, until the purity of 
/fe sample, or rather its non-explosive character, has been demon- 
trated by applying to a very small volume of the gas the test above 
described. 

This experiment, which has here been executed with zinc, can be 
equally well performed with iron-filings, and with several other of the 
less conmion metals. 

36. We now proceed to study the chemical action whii 
takes place in the above experiment. The muriatic acid, or, %, 
chemical language, ohlorhydrio acid, which was employe 
is, in reality, a solution in water of a very soluble gaseous si 
stance, to which the name chlorhydric acid is more strict 
applied. This gaseous substance, the pure chlorhydric acid,, 
a chemical compound of the element hydrogen and of and 
element, called chlorine, wliich will shortly be descril 
The compound may be represented by the symbol H< 
in which H represents, as before, the least proportional weij 
of hydrogen which exists in combination, and CI the least pj 
portional weight of chlorine. We may likewise abbreviate 
word zinc to the symbol Zn ; and the chemical process, or n 
tion, by which the hydrogen is liberated, may then be symboHj 
by the equation^ — 

2 HCl + Zn = ZnCl, -f 2 H. 

Since hydrogen is gas, it escapes as such, and there rcniaij 
dissolved in the water within the bottle a compound of 
elements chlorine and zinc, called zinc chloride. The zi- 
which was free, enters into combination, and the hydrog( 
which was in combination, is set free ; in other words, 
zinc has been substituted for, or has replaced, the hyc 
gen. 




CHEMICAL SYMBOLS. 

ti may here be elated that chemisls of all nationa have agreed t 
iresent each of this elements by a Bynibol which c * 
initial letter of the Latin name of the element, or, when tlie 
of two or mure uf the elemeuts bt^n with the same letter, of 
initial letter, together with the ttrst of the micceediiig letten iu 
Latin name, which is diBLitictive. Thus Fe {Ferrum) ia the 
■mbol of irou, C of carbon, Ca of caluium, Ol uf chlorine, tad Cr 
of chiomiuin. Thtiee symbols do not serve Bimply aa abbreviutiojjM, 
but each stands fur a lingU atom of the element indicated ; if we 
know the atomic weight of the element, the symbol may stand to us 
D i'oi a certain d^flniU weight of the element in question, aa we have 
n iu I 36. In the same section the symbols O utid H were used 
indicate one tolujne of oiygen and hydrogen, respectively ; thia 
le of the symbols to express volnmetrio relations is, however not 
for aU the elements, and it will l>o treated of in Chapter XI. 
A group of these elementary symbols jnst described, written to- 
^er, stands for a molecule made up of the atoms indicated. Thus 
fcl staiids for a molecule containing one atom of hydrogen and 
ie atom of chlorine ; ZnCl, stands for a molecule made up of one 
m of zinc and two atoms of cUorine ; the figure 2 written beloie 
line applies to the CI alone. If the figure 2 were written on tha 
t, and before the symbol, it would indicate two moleeulea of the 
; OS 2 aCL The knowledge of the atomic weights enublea 
the molecular eymbola to express the composition of a 
ibatance by weight ; thus we have already aecii (§ 36) that B,0 
Xes that in evpry Jfi. parts by weight of water there are 16 
by weight of oiygen, and^ parts by weight of hydrogen. 
\e aame way, knowing the atomic weight of chlorine to bo 
from the synibol HCl we learti that in every 36.5 riarta 
^fdght of chlorhydric acid there are 3i5.i5 parta by weight of 
~ le, and I part by weight of hydrogen. We say the moleo- 
'OiKbt of water is IB, and the molecular weight of ohlorhy- 
octd ie 36.5, meaning that the molecule of water weighs 18 
(Bid the molecule of chlorhydric acid 36.5 times aa much a» 
of hydrogen, whiiih is taken as the unit of molecular aB 
rf atomic weight The circumatancea under which we may 
the valametrie composition of a compound from the symbol 
molecule, will be discussed hereafter. (See page 291.) 

well-tmderatood chemical action may be ex.'^iTewftS. to. s 
Jho one Jmt given, 2 HOI + Zu = ZnCVi 
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indicates that from the action of 2 molecules of chlorhydric acid 
1 atom of zinc upon each other, there result 1 molecule \>i 
chloride and 2 atoms of hydrogen. Of course, as the experiment 
actually performed, a vast number of molecules of chlorhydric 
and the corresponding number of atoms of zinc, acted upon 
other, — the equation indicates merely the relative number, 
follows naturally from the very conception of atoms and molec 
that whenever chemical action takes place between two bodies 
always between fixed and definite weights of those two lx> 
Our knowledge of the atomic weights of the various elements, 
bles us to calculate from the equation what must be the relative 
portion by weight of the substances concerned in the action, 
atomic weight of zinc is 65, and the molecular weight of chlorhy 
acid is 36.5, and the equation shows us that for every atom of 
weighing 65 of our units of weight (the unit being the weight oi 
atom of hydrogen), two molecules of chlorhydric acid must be ta 
which weigh 73 (i, e., 2 x 36.5) of these same units: moreo 
from the action on each other of these amounts of zinc and ch 
hydric acid, there are formed one molecule of zioc chloride, weigl 
136 {i, e,y 65 + 71), and two atoms of hydrogen weighing 2 of tl 
same tmits. It is, of course, immaterial whether the unit of wei 
be the weight of an atom of hydrogen, or a pound, or a kilogramr 
the relative proportion, according to which these two substances 
upon each other, must in every case be the same, and the follow 
proportions will hold true 



4 Weight of zinc ) 
I in any case \ 

i Weight of zinc ) 
in any case \ 






If the weight of zinc used in any case were given, the weight 
chlorhydric acid required could be readily calculated, as we shod 
then have three terms of a proportion given to find the fourth ; mo 
over, the amount of zinc chloride produced by the use of 65 parts 
zinc would be 65 + (2 x 35.^), that is, 136 pai-ts by weight In fa 
if the amount of any one of the four substances were given, t 
amounts of the other three could be found, as they are all propi 
tional. (See also §§ 68 and 76.) 

It is also to be remarked that, in writing the equation, no accou 
was taken of the water in which the HCl was dissolved. This wat 
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remained in the bottle unchttnged after tie eiperiment i 
and in it the ziac chloriJB (ZuCl,) formeil was Iu'lil in solution, ll 
wonld be poaaihle by lliu ajiplicjition of btiit to evaporate all of tliig 
water au'l leave tlie zinc cldoride aa a. Hotid substance. 

37- Hydrogen ia a transparent, colorless and tasteless gas, odor- 
less when pure. It is not poisonous, though animals die from suf- 
focation when immersed in it, as they do in an titmoaphere of nitro- 
gen. It is the lightest substance known ; being about l+J^ times 
lighter than air, 11,160 times lighter than water, nad 151,700 
times lighter than quicksilver. Hydrogen is the standard of 
specific gravity for gaaes, as water is fur liquids and solids ; its 
ajiecilic gravity is therefore unity. 

38. The excetidiug lightness of hydrogen can be illustrated 
Ly filling soap-bubbles with the gas. They will rise rapidly 
through the air ; and, if touched with a lighted taper, the hydro- 
gen will immediiitely burst into flame. Owing to its lightness 
hydrogen can readily be poured or decanted upwards from one 
vessel to another. 

Sxp. IZ — Lift from the water-pnn a thick, strong, wide-mouthed 
bottle, of 200 to 3<)0 e. c. capacity, full of hydrogen, taking care to 
^hold it in a perpendicular position, with the month downward. With 
t other hand place another Iwttle of equal size and strength, but 
ing only air, beeide the liydi-ogeu-botlle, so that the mouths of 
jl bottles shall touch at one edge. Gradimlly turn duwn the hydro- 
Jft-bottle, and at the same time push its mouth beneath that of the 
fcbottle in such manner that the bottle which originally contained 
■ hydrogen shall at lost stand upright beneath the inyerted bottle, 
"iug this operation, the lighter hydrogen flows up into the upper 
tfle, while the heavier air sinks into the lower. If a burning miituh 
Know thrust into the upper bottle, the hydrogen witiun it will take 
jft-j but, upon applying the match fo tbe lower bottle, origbolly full 
^rogen, there will be found in it nothing but air. 
e hydrogen is thus h^thtcr than air, it is not absolutely neces- 
n collecting it, to operate over water, as bis lieen directed, 
is much lighter or heavier th.in atmonpheric nir, it may 
a be convetuently collected by dlBplacement. A bottle can he 
lily filled with hydmgen fi;om a gas-holder by carrying the delivery- 
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tube to the top of the inverted bottle, and allowii^ the gaa to flow in. 
Alter a ebort time the air will be wholly diqJoced, and the bottle filled 
with hydrogen. 

39. There is tmothor noticeable peculiarity of hydrogen which 
is directly connected with its extreme lightness. It possesses in 
a high degree the power of diffiuion. This diffusive power is a 
physical property common to all gases and vapots ; in the case 
of hydrogen, it is only the intensity of the diffusive power which 
is lemarkable. The following experiment will serve to illustiale 
this property. 

B^. 13. — Aglaes tube, 3 or 4 cm. in diameter, and 30 or 40 cm. 
long, is closed at one end with a plug of plaster of Paris 1 or 2 c. m. 
Fix. lO. thick. The tube is then Bet aside for a day 01 
two, in order that the plaster may become dij- 
When the plug is dry, fill the tube with hydn^en 
by displacement, and set it upright in a glass of 
water. Water will rise rapidly in the tube, since 
hydrogen escapes through the plaster more rapidlj 
than air can enter tbe tube through this porous pln^ 
If the tube be left to itself, air will slowly entei 
through tbe plaster, so that the water within th« 
tube will in due time sink to the level of the outsidi 

The velocities with which gases diffuse are in the inverse ratio ol 
the square roots of their specific gravities. Hence it happens thai 
hydrqjen, being the moat attenuated of all gases, diffuses with thi 
greatest rapidity. Compared with that of oiygen, its rate of diffusioi 
is as 4 to 1 ; that is to say, tbe relative rates of diffusion of tbe 
gases are inversely as the square roots of the numbers 1 and 1 6, wl 
represent tbe specific gravities of hydrogen and oiygen respectively. 

On account of its high diffusive power, hydrogen can b 
only in perfectly tight vessels. It can not be kept for any lengt^W 
of time in bladders or rubber b^a, and it will leak through si 
fejcks which are perfectly tight for nitrogen or oxygen. 

40. Hydrogen is exceedingly inflammable, as has been alread 
seen ; that is to aay, the temperature at which it takes fire i 
comparatively low. But, as a matter of course, it extinguislie 






OSV-UYDROOEN BLOWPIPE. 



Einy huming body which is immeraed in it, since oxygeu 
Bary for the support of combuation. 

Bap. 14, — Carefully lift from the water-pan a bottle of 200 or 
300 c c. cnpacity, completdy full of liydtc^n ; slowly carry thti bot- 
tle, the mouth of which is, of couree, held downward, ^ta. u, 
to a burning candle or apliuter of wood, and depresB 
the bottle over this flame. The hydrogen will tuke 
fire and burn beloW, at the nioutli of the bottle, where 
it ia in contact with the oxygen of the atmosphere ; 
but the flume of the cimdle wHl be extinguished the 
moment it Ijecomea completely enveloped by the hy- 
ilrogen. The candle can easily be relighted by slowly 
lifting the bottle until the wick is brought into contact -i 
with the air and the burning hydrogen. 

41. It has been seen that the hydrogen flame gives but 
very little light ; it is, however, very hot, Indeed, it has been 
found that when a given weiglit of hydrogen enters into 
chemiciJ union with oxygen, more heat ia developed than in 
the burning of the samo weight of any other substance. On 
this fact depends the nse of the so-called oxy-hydrogen blow- 
pipe. 




I TQie principle of the cnnalmction of this apparatus may be learned 

J Pig. 12. It consists essentially of C»-o tubes, one within the 

The inner tube (o) is connected with a gas-holder containing 

Ji ; tlie outer tube (6) with a gas-holder containing hydrogen. 

r.rk of the hydrogen gas-holder is first opened and tlie hyilrogen 

fl at tlie point of the jet ; the cock of the oxygen gas-holder 

n slowly opened until the flame is reduced to a ftae pencil. A 

int and sufficieut pressure should be maintained on the gaS' 
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In llie 'SixMVi thus prmluced, a fiiie platinum -wire will leadiljmell I 
HTiil TiiU jrilo ilrupg. Th« iiitvuni; lieat of the oxy-hjdngen flime. 
lliii-! miriiiiiilily jlhotnttLiI, fur platinum la an exceedingly mfiiiilih 
iiii-lii], wliirli i-iiii w«[v«ly bo uofl^iial in tb<j bottest furnace. 

If i> |.i.r,i; of iluilk or lime, Bcmpod to a flue point, be held 
fl.iiiii' i)f tliv tiiy-hydru),'Cii bluw-jiipe, it will quickly become 
li"t, and uvolve liyht of grait brilliimcy, almost comparable with thd 
iif tliu win. On this priiicijile is conetnicted the so-called Dniimiwi 
cjr unkium lii;bt, oftuu euployed fur oight-nignala and optical upoi- 



42. Xo TiiatliT ill what way hydrogen is bamed, vhethah 
the jmn^ Htiitit or in combination with other materitda, vhette 
ill puiT, Dxy^'pii ur in the air, the prodnet of the con^ 
is u1wlly^4 water. At the hi^'h t«inpeTatuje of the Same, ttii 
water iinisit, <if course, remain in the condition of a gas, but i 
can I'cnilily bo brought to the liquid atate by reducing the Ust 
poniture. 

Hxp. 15. — Over a jet of bnming hydrogen, beat obtained bm 
gas-holder, hold a ilry, cold bottle. The glaM noon becomes cothb 
with a film of dew, ns the water generated by the union of faydngs 
and oxygm comlenses in di'opleta upon the cold sides of the boUk. 

43, If, instead of burning pure hydrogen as it flows into tto 
air, the gaa be first mixed with oxygen, and then ignifcod^ a yaj 
different result will be obtained. The hydrogen being novii 
contact with oxygen at all points, the entire maas of gas wi 
bum with a violent explosion at the instant when a lidit 
touched to it. 



This may be illuBtrated by oi 

Xis. 13. 




itii^ a piece of gloss tubing utt 
a gas-holder, or, bei 
a rubber bag, contaii 
a mixture of 2 volnnM 
of hydrogen and 1 yi 
lune of oxygen. 'E)»\ 
end of the glass tube*' 
dipped into a dish 
soap-Buds, and the ( 
allowed to flow unti 
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cif foam not tnn large lias furiutsd ud the surface uf the suds. If, 
the I'emoval uf thu gae-holiler, thu fiuini be tuuulied with a long 

bht«il Btick, a. violent explosion will oui^ur. 

i shoold be taken lo throw away any remnant of the mixture 

J hydrogen and oxygen which may have been left in the gas-holder 

B the close of the experiment, and upon no acconnt ahonld fire svec 

\ brouglit into its vicinity. 

The loud explosion is owing to the ikct thitt the intense heat 
mitted at the moment of the oombinution of the two gaaeB 
Utpands enormously the Bteam formed by their iuiion. As the 
I is immediately iMindeneed, there results a partial vajjuimi, 
kto which air rushes trom aU sides ; and it is the heavy and 
Jtidden undulations thus commiinicatod to the air which oc- 
lio noise. The outwartl and ijiward shocks follow 
tee another so quickly that the ear cannot distinguish hetween 



44. Mixtures of hydrogen and air produce leas violent explo- 
& than mixtures of hydrogen and oxygen, because of the inert 
feitrogen in the air, which acts as an elastic pad or cushion to 
k the force of the shock. 

— Introduce 2 volumes of bydmgen and 5 volumes of 
• into H strong round-bottomed bottle, such as is used for aoda- 
, water. Close the mouth of the bottle with a eork, and shake vio- 
^^lenlly, in order that the gases shall be mixed, A small quantity of 
^^bater should be left in the bottle to act an a stirrer. Qrosp tlie Ixittle 
^^Krmly in one hand, remove the cork with the other, and apply the 
^^ppen mouth of the bottle to a lighted candle. An explosion wiU im- 

~ 45. Since air is everywhere about ns, and since all ordinary 

, eombustions m:ciir in it, it has become ciistoraarv to speak of it 

- and of oxygen as Bapportera of combiiBtioii n ntrad st nc- 

■jK tion to the su-ealled combuBtiblea, such ns 1 d g n These 
terms are often cuBVenieiit ; biit that they ht nl a rolat e, 

.~ and no absolute significance, may be shown p run ntally aa 

' follows ; — 



?*. ._•-■? ..- jrr2v-^- 







. .*m 






-." '-^^^^ Al.. .w iL* gftg to flc'W 
:.:-r > ^-jni : ih^a applr m laited 
J.- =>':^iLi :t tiijc nbe. and regalaie 

^-" ~ — ■= '-:"*'cr oi^ of the mid 
■j^- ■ — '- *i*-^'i X icr comainiiig oxv- 

-nruT 11^ c^=. this mbe. poae it JSf 

r^uzii 'i-i rrr^n podges thnMi^ the 
7 lr.«r=n *: lie cvctom of the veiticil 
.i^-Ts zre. and iifierwaida '^Mitin^"' 

r:crr. wiiiia. the tube. 



CHAPTER YL 



COKPOUVSS OF NTIBOOEV. 

46. We have alroa-ly learne-l that uitrogen is, under oidinaiy 
fjori'liliori.H, a very inert substance, and indisposed to enter into 
t:hf.wi('ji\ coiribiuation. There are, however, many compomSdB 
of nitro;^en which either exist in nature, or may be prepared 
)'y 'uul'ivfii-X irjetlKxLs, and the study of the compounds of nitro- 
K'Mi anfl oxygon will bring to view a new fact of great signifr 
rinuj',. Tha stu^ly of water showed us that in a chemical 
i:oiii|»oiiii(|, tlic, (•loiMcjitJiry constituents are combined in a eeitain 
doflnito proportion ; we shall now learn that two chemical 
rUtw.ulH may (.(uribin^j in more than one definite proportion to 
Innii rlii..iiii(.a| conipouiidH diflbring from each other and from the 
('onMlitiii'Mt oli'nii>ntH. 

47. Nitrous Oxide (N,0).-_Tl,e first compound of nitrogea J 
tind nxyjjrrn vvhidi wo bIuUI study may be readily obtains" 



48.] PREPARATION OF NITROUS OXIDE. 

ly gently heating a substance known as ammonium nitrate, of 
liieh we shall learn more hereafter. 

Exp. 17.— Into a dry flask of thin glass of about 3(X) c. c. capac- 
f, iulroiluue 10 or 16 grms. of amuioiiiuin nitrate. Prom the flask 

■laced ujran the wire-gauze on the iron stand, carry a Uuli very-tube, 

'o. 6, beneath the saucer in the water-pan ; but interrupt the tube at 
one convenient point to interpone, by means of a cork or caoutchouc 
opper with two holes, a small bottle, which can be kept cool with 
atei', as ahown in the figure. 
Heat the llask . Pig. IS. 

loderately and caii- 

iolisly, to avoid 
eaking it. The 




11 melt, and little 
bhlea will 
legin to escape from 
le fused mass. Thed 
Mt must now be 
I controlled that 
le evolution of the gas sliall not be tnmnltnons. The gas is to be 
lUected in bottles of 80u to 400 c. c. capacity. If the process has 
:en snccesafully conducted, there will be found in the cooled bottle 
trough which the gas passes, a clear, colorless liquid, which on ex- 
nination will prove to be water, and nothing else. When one at 
ro bottles of gas have been tilled, and enough water for testing has 
ndeiised, the delivery-tube may be withdrawn fi-om the water, mid 
{e lamp ejctinguiahed. The ammonium nitrate might be entirely 
salved into water and the gas which now awaits exaniinntion ; hut 
lere is danger of breaking the flask. That the nitrate leaves no 
udue behind, when snificiently heated, may be proved by heating a 
ystal of it on platinum foil over the gus-lamp, 

Bxp. Xfl. — Insert a glowing splinter of wood into a bottle of the 
18. It wil! re-inflanie with ulnioat as much energy as in oxygen. 

48. From the eneigy with which the glowiny splinter hurati 
into flame, it may be inferred that oxygen is a constituent of tho 
new gua which we have just prepared, and, indeed, repeatoil 
rimunta have ahgwn that it is composed of the eLBmfi^^A 
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nitrogen and oxygen ; and that, as in the case of water two 
vohinies of hydrogen and one volume of oxygen are condensed 
into two volumes of dry steam, so two volumes of nitrogen and 

one volume of oxygen are 
here condensed into two 
volumes of this transparent 
gas. As the chemical fo^ 
mula or symbol of wat^ is 
H,0, so the formiUa of 



N 



N 



+ 




this new gas is N^O, and its volumetric composition may be 
represented by a diagram similar to that by which we conveyed 
to the eye the composition of water. The gas is called nitrogen 
protoxide or nitrous oxide. The equation which represents the 
chemical action by which it was produced may be thus written : 

NH4NO3 = 2H,0 + TSJO 

Ammonium nitrate. NitrooB oxide* 

From the above composition by volume, and from the known 
specific gravities of nitrogen and oxygen, the composition rf 
nitrogen protoxide by weight is readily deduced. The specific 
gravity of nitrogen, referred to hydrogen, is 14 ; that <rf 
oxygen 16 ; since there are two volumes of nitrogen for each 
volume of oxygen, the two elements must, in any given weight 
of the gas, be combined in the proportion of 28 parts bf 
weight of nitrogen to 16 of oxygen. The molecide of nitrogei 
protoxide, I'^aO, must be composed, like any other quantity of 
the gas, of 28 parts by weight of nitrogen and 16 of oxygen; 
but, precisely as in« the case of water, we conceive of tin 
molecule as made up of two atoms of nitrogen and one atoB 
of oxygen ; and we have already learned tliat if the atomii 
weight of hydrofifen be represented by 1, that of oxygen mnift 
be 16. It follows, from the constitution of nitrogen protozidi^ 
that, if 16 represents the smallest proportional weight of oxyf^ 
which exists in combination, 14 must be the correspond 
smallest weight of nitrogen when thus united with oxyg 
Nitrogen protoxide contains Jf , or 36.36 per cent, of oxygon. 



NITRIC OXIDE. ^^1 

■ 49. Nitrons oxide, whea pure, may be reepireA for a few 

biiiutes with impuuity. When inhaled, it produces a lively 
ItatoxicatioD, attended with a disposition to raneculai exertion 
iolent laughter ; whence its trivial name of laughing gas. 
t may, however, be administered so && to cause complete insen- 
y to pain ; the effect lasts, however, for only a very short 
It is advantageoualy used aa an ansstbetio in such sur- 
d opemtions as can be performed in a few seconds. 

Hitrie Oxide (KO).— We now proceed to investigate 
Inother compound of nitrogen and oxygen which may be pre- 
^red from a chemical substance with which we shall soon bs 
miliar, nitric acid. 

cp. 19.— Place 15 or 20 _ Pig- 18. 

, of copper turnings or 
;s in a bottle arranged 
precisely as for generating hy- 
drogen (see Ex[)eriment 11, 
g 35), and puur nbout 25 c. c 
of dilute nitric auid inade by 
adding to the common strong I 
acid its own bulk of water. 
Brisk action will immediately I 
occur. The generator be- | 
comes filled with red fumea J 
which gradually disappear, 
and when the gas disengaged is collected over water, it is found to be 
colorless. Collect three bottles, of 300 to 400 c. c capacity of thi« 
gas, adding acid from time t^ time na may be necessary. Save the 
blue solution {copper nitrate) which reuiains in the generator for 
future nse. 

Exp. 19a. — Dip alighted candle into abottle of the gas. The light 
i* extinguished. Into the same bottle thrust a glowing splinter. It 

will not JnHiini H, 

Exp. 19b. — ^Lill a bottle of the gas from the water ao that air may 

enter the liottlpT and the gas may eaca[ie into the air. Bed funies, o( 

veiy diaagreealile smell, and very irritating when inhaled, are abun- 

ilantlj produced. Bring into contact H-ith these furoea, a piece of mois- 

!■ tened lUmvs-paper, It becomes red ; the signifieance of this notion 




34 COMPOSITION OF NITHIC OXIDE. 

Bzp. 19c. — Thoroughly ignite a bit of sulphur in a deflaj 
spoon, and introduce it into a bottle of the gas. It will no 
Into the same bottle thrust a piece of phosphorus as big as a pe 
ing actively. The combustion will be continued with gre 
liancy. 

61. By the preceding experiments we learn that the r 
is transparent and colorless, and that it differs notably f 
tlie other gases thus far studied in its relation to conibu 
Analysis shows that the gas consists of nitrogen and o: 
one voliune of each gas uniting to form two volumes 
compound gas. Its molecule will bo represented by t 
mula NO ; and its elements are united by weight in tl 
poi-tion of 14 parts of nitrogen to 16 of oxygen, because 
volumes of nitrogen and oxygen weigh respectively 1 4 i 
times as much as the same volume of hydrogen. Itj 
position may be represented by the accompanying di 

The gas is thus auot 
ide of nitrogen ; it is 
ally known as nitric 
but some regard the molecule as WgO^ and name the con 
nitrogen binoxide. 

The action of the copper on the nitric acid in Xhcp. i 
be represented by the follo>ving equation : — 

3Cu 4- 8HNO3 = aCuWPg + 4H,0 + 21SO. 

Copper. Nitric acid. Copper nitrate. Nitric cxid* 

When the same element unites with oxygen in more than o 
portion, the compound containing a single atom of oxygen 
molecule is called the protoxide; when the molecule contai 
atoms of oxygen, the compound is called the hinoxide ; suc( 
oxygen compounds would be the teroxide, quadroxide^ etc. Tl 
peroxide may be apphed to any compound containing more < 
than the protoxide, although if there are several such oxidt 
used conventionally, to denote a particular one. Sometim 
relative amount of oxygen is indicated by the terminations -o 
•4e ; in this case -0U8 implies less oxygen than -ic ; miroua 
\)ntains less oxygen than nitric oxide. These terminations a 




NO 30 
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Btricted in tlieit use to oxygen compounds ; we eholl, bcrecJter, 
eet Gudi tenns as fenoFix ehioride ftiul furne chloride, stannous tul- 
hide and stannM mdiiltide. 

S3. Nitrogen peiozide (WO,).— The red fnmea of Exp. iBb, 
eii when nitric oxiiio was brought into tlie air, were due to 
le chemical union of nitric onide with oxytjen ; a third oxido 
' nitrogen was formed, — nitr(^en peioxide. The volumetric 
imposition of nitrogen peroxide will be understood from the 
icompanying diagram. The molecule will be represented by 
le formula IfO,, and the com[iosition of the euhstanee by 
eight will be 14 jiai-ta of nitnigen and 33 of ox^en in every 46 
weight of nitrogen peroxide. 



I 



53. Although at ordinary temiieratures nitrogen peroxide is 
gas, it can readily be condensed to a liquid. For this purpose, 
) ia best prepared by heating a substance known as lead nitrate. 
Sxp. 20. — Fill a perfectly dry ignition tube aliout one-liiinl full of 
ud nitrate whiuh luut been tiuely powdered, and thoroiighlp dried. 
bniiect the iguition tube with a dry iMttle, and finally with the 
rater pan ; the arrangement is similar to that in Fi^. 16, except 
iiat the flaak ia replaced by an ignition tube The nnuill buttle 
last be surrounded by a mixture of ice (or anow), and sulL Heat 
ke ignition tabe gently, and when the evolution of gas has once 
tgaa, care must be taken that the tube is not Buffered to cool, so hb 
9 allow the water to suiik back from the water pan. Ited fumes 
rill fill the delivery tnbea, and will condense in the small bottle to a 
^^■hroWDish-yeUow liquid if the experiment ia auccessful. A colorless 
i]^ will collect at the water pan ; it ia oxygen, as may be shown 
by the insertion of a glowing splinter. The chemical action may be 
Ihni represented ; — 

PblT,0, = PbO -f O + SSO,. 

Laad nitnta l^iiiaiiilii NiUngen penulds. 
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The experiment just performed is interesting, as showi 
transformation of a substance which is usually a gas, into a 
in this case, it was only necessary to lower the temperature, 
other gases may be liciuetied in the same manner, by being 
to a low temperature ; and by the ap{)lication at the sam 
of a very great pressure, it lias been found possible to liqi 
known gases, even oxygen, nitrogen and hydrogen, whic] 
recently were regarded as permanent or incondensable gas 

54. Other Oxides of lifitrogen. — A fourth oxide of nitr 
an unstable, white, solid compound whose symbol is ^fi^ 
called nitric anhydride, and is closely related to nitri 
Nitric acid we have already used, and have learned that ii 
bol is HNO3. If the oxide NgO^ be treated with wa 
action which takes place may be represented by the equat 

H,0 + NA = H,0,NA = 2BOTO3 

Water. Nitric anhydride. Nitric acid. 

which expresses the fact that, by the union of one molec 
water and one molecule of nitric anhydride, there are form 
molecules of nitric acid. On account of this reaction, niti 
may be, and is sometimes regarded as a compound of nitric 
dride and water, and its formuhx may be written, H^^O, 
The origin and propriety of the term nitric anhydrid* 
becomes apparent ; for this oxide of nitrogen, althougl 
obtained directly from nitric acid only with difficulty, m 
dently be regarded as nitric acid deprived of water ; t 
rendered anhydrous. 

55. There is still a fifth oxide of nitrogen the symbol of 
is WjOj . This compound may be formed as a brownish-r< 
similar to the NO^ and mixed with some of the latter ^ 
heating together strong nitric acid and common starch, 
compound is called nitrons anhydride. 

Exp. 21.— Into a flask of about 250 c. c. capacity, put 50 
strong nitric acid, and 5 grms. of starch. Warm the flask gent 
as soon as the mixture begins to turn reddish-bi-own reinove the 
The experiment should be performed where there is a good d 
air, as the red fumes are copiously evolved when the action pnce 1 
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MULTIPLE PROPORTIONS. 



oxides of nitrogon, then, are - 



KitTOEen protozlcle, N,0 ; 

Nitric oxide, NO; 

Nitrous anhydride, N,0, (from which 

«(; Iwvc nltrona aold, HNO,); 

Nitrogen peroxide, NO, ; 
Nitric auliydiide, N,0, (fiom whii;h 

we have nitric acid, HKO,). 

•& five bwlies ore uU diemlcal compoiindB; tli(?y 
tinite and constant in composition, aiiil ull ditler essen* 
from their elementary constituents and from each, other, 
t Bxpeiimeuta we have performed with several of them 
Remonstrated. It is, therefore, obvious that two of the 
i are capable of combining in several proportions to 
leiinita chemieal compounds ; and what is here proved 
I of the elements we shall hei'eaftor hud to be true of all, 
jh not of every couple ; so that the aeries of oxides of 
I is but one illustration of a most compreheosive law, 
tference between a raechaniciil mixture and a chemi- 
Dpound does not on this aceoiuit become less marked, 
wsible mixtnres of nitrogen with oxygen are innumer- 
the known combinEitions of these two elements are 
: two .volumes of iiitroyeu combim'nf; chemically with 
one, two, three, fonr or five volumes of oxygen, and 
I other proportions whatsoever. As for volumes, so for 
f : the jtrnportional weight of oxygen in theae oxides 
f definite leaps from the first member of the series to the 

definite, step -by -step mode of forming chemical corn- 
is one of the most characteristic, as it ia one of the 
neral, fiicts of chemistry ; it is tlie habitual mode in 
^ force called chemical ordinarily acts. The abstract 
t. obBervation and experiment may be cxpresseil in tlie 
; proposition, often calleil the Law of Multiple Pro- 
~ ' two bodiee wmbiiie iii, vu/re than one jiry)iir- 
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tioTif the ratios in which they combine in the second, t 
subsequent compoutids, are definite multiples of those 
they combine to fvi'vi thefirsL 

58. Air a Mixture. — The distinction between a 
cal mixture anil a chemical combination may be illust 
the differences between common air and the oxides 
gen. Some of the considerations which go to show tt 
simply a mechanical mixture of oxygen and nitroge 
follows : — 

In the first place, while in the oxides of nitrogen 
elementary gases bear to each other some simple relati 
spect to both volume and weight, in air they are mixed i 
from simple proportion of 20.96 measures of oxygen 
measures of nitrogen, or 23.18 parts by weight of o 
76.82 parts of nitrogen; moreover, if 23.18 parts o 
are mixed with 76.82 of nitrogen, there is no dev 
of either light, heat or electricity, such as usually att 
formation of a chemical compound; and the physica 
teristics of the mixture are such as should, according 
lation, belong to a mere mixture of the gases. 

Again, if nitric oxide be brought into contact with g 
eating red fumes of nitrogen peroxide are formed; bi 
nitric oxide be brought into contact with nitrogen p: 
no fumes are produced, although this gas contains \ 
oxygen as common air. These experiments go to sh« 
whUe in nitrogen protoxide the oxygen is held in chemi 
bination, in air it is free. 

Further evidence that air is a mere mixture is affo 
its behavior towards water. All gases are soluble in 
a greater or less extent, each one dissolving in a certa 
and definite proportion at any given temperature, 
water be exposed to nitrogen protoxide, it will dissolve t 
amount of that gas, which may be recovered unchai 
boiling the water. When water which has been exp 
the air is boiled, a gaseous mixture containing oxygen 
trogen is given off (Exp. 10, § 88) ; but it has been foi: 
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the gases are mUed in b. differe&t proportion from that in which 
they exist in the atmosphere. The wiiter, in fact, dissolves out 
from the air a quantity of oxygen, just as if no nitrogen were 
present^ at the same time it dissolves nitrogen to precisely 
the same extent that it would dissolve that gas if there were 
no oxygen in the air. 

S9. Nitric Acid (HW O,). — In the preparation of the various 
oxides of nitrogen we have used either nitric acid or a compound 
which we have designated as a nitrate, as, for examjile, ammonium 
nitrate in Exp, 17, and lead nitrate in Exp, 20. We now pro- 
ceed to a study of those compounds, and, in the first place, of 
nitric acid itseli Two abundant sources of this material ore 
found in nature and are familiar as articles of commerce. Salt- 
petre or nitre, a whitish saline crystallized substance, now mainly 
brought from India, is one of these sources ; a similar suhstance, 
known in commerce as " nitrate of soda," is collected on a desert 
tract in Chili and Peni, and forms a valuable article of export 
from those countries. These two substances differ from each 
cither only in this, — that the first contains potauiom, the second 
the very similar element sodinm, in either case combined with 
definite proportions of the elements nitrogen and oxygen. By 
the reaction of Bulphnric acid (oil of vitriol) on either of these 
two substances, nitric acid is obtained. 

Szp. 22.^Iiito a tubulated, glass-stoppered retort of 250 c C, 
capacity, put 40 grammes of powdered potassium nitrate, or, better, 
■ .34 grarames of powdered aodiiun nitrate, if it can be obtained, and 
through tbe tubulare pour 60 grammes of strong salplmric acid, 
Vhich has been weighed out in a bottle previoaaly eoanterpoiseil 
a the balance with shot or coarse sand. Imbed the bottom of the 
rt in sand contained in a small iron pan placed over the gas-lamp 
(nariiig of the iron stand. Thrust tbe neck of the retort into a re- 
ir with two tubalures ; the retort-neck should fit the tubulure 
e receiver with tolerable accaracy. The second tubulure of the 
JWver ehould be left open, or loosely eovered with a bit of glass, in 
"d the possibility of any pressure being created within the 
; the operation. Place the receiver in a pan of cold water, 
; with cloth or bibulous paper, which must be kept 
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Fi«. IT. wet during the distillation. (Se 

17.) Heat the Band-bath modA 
(that the frothing which occurs 
not become too violent) ; reddish ^ 
appear for a moment, then disa 
and a yellowish fuming liquid 1 
to condense in the neck of the 
and to run down into the re< 
When all frothing has ceased ai 
mass in the retort is in a state oi 
quil fusion, while very little 
passes over into the receiver, the lamp is to be put out. 

The very acid, corrosive and poisonous liquid in the recei 
nitric acid ; its faint color is not its own, but is due to the pr 
of a compound of nitrogen and oxygen already described ( 
Transfer the liquid to a glass-stoppered bottle, and keep it for 
use. In all manipulations with nitric acid, it is desirable to 
getting it upon the skin, since it produces rather permanent ^ 
stains. 

As the retort cools, the residue solidifies into a white, saline 
which must be dissolved out of the vessel by heating it with 
after the apparatus has become thoroughly cold. It will be ob 
that the liquid sulphuric add which was used has disappear 
though the saline residue is still intensely acid. 

60. Nitric Acid is much used in the arts, and is pre 
on the large scale from the same materials as here emp 
The retorts are huge iron cylinders or kettles and the a 
collected in stoneware bottles. The pure acid is colorless x 
about half as heavy again as water. It may be mixed with 
in all proportions. 

Bzp. 23. — ^To about 1 c. c. of the nitric acid obtained in th 
experiment add 10 times its bulk of water. Notice the sour tac 
touching a drop of this diluted acid to the tip of the tongue, 
the solution thrust a strip of litmus pa^er ; it will be tume< 
showing that in spite of the amount of water added, the liquid i 
strongly acid. Litmus is a blue coloring matter, prepared from v; 
lichens. Unsized paper, colored with a solution of litmus in -^ 
is a convenient test for many acids, which, as a rule, change the 
of the paper from blue to red. 
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I and SaltB. — Nitric add ia an example of 
the class of bodies to wliich tlio term acid is generally applied. 
There is a class of bodies whii;h act upou vegetable colore in just 
the opposite way from the acids, and will in iact neutralize their 
actiou in many cases. As an example of these substances, vbich 
ate generally spoken of as bases, and which when soluble in 
wat«r have what is called an (Ukalme leactioD, wc may take' 
canstic potaaii. 

Tixp. 24.— Dissotve aboat one gramme of cauBtie potash in 20 c. o. 
of water. Notice the character of the BoIutioD. by rubbing a little 
between the fingers, and by touchini; a small drop to the Up of the 
tongue. Into the liquid thrust the litraiie paper, which was reddened 
by the nitric acid in Exp. 23. It will be turned bloc 

The terras acid and base which wo liave used cannot be defined 
with BJtactneBs, because they are not applied by chemists with 
uniform precision to well-defined clossea of substances. Wo may 
.say, however, in general terms, tliat the acids commonly posaeaa 
a Bonr taste and act in a peculiar way upon vegetable colors (as 
nitric acid reddened the litmus paper in Exp. 23). The acida 
are usually compounds of hydrogen, oxygen and some one other 
chemical element, as, for example, nitric acid (HWO,) ; bases, 
likewise, are compounds of hydrogen, oxygen and some one other 
chemical element, as, for example, caustic potasli (KHO) ; but 
while certain elements in imiting with hydrogen and oxygen form 
lay preference acida, other elements form by preference bases. 
The ao-callod non-metallic elements, such as nitrogen, sulphur, 
3to., generally form acids; for example, nitric acid (MJJlOj) and 
sulphuric acid (H^SO,). The metallic elements, such as potaa- 
eium, sodium, copper, etc., form bases; thus caustic pntaeh or 
potassium hydrate (KHO)^ sodium hydrate (NaHO) and copper 
hydrate (CuH,0,), are buses. 

An important characteristic of the acids and bases is that they 
have the power, when one of either cJass is brought into contact 
! of the other and opposite class, of forming new com- 
tosBesaing the characters of neither the acid or base from 
e now compound, or salt as it i^ called hoe been formed. 
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62. The Halations between aeidl and bases may be illustrated 
by the following experiment : — 

Xizp. 25. — To oiie-thii^l of the nitric acid of Exp. 22, { 59, dilated 
with twice its hulk uf water, oiUl cautioii^^ly a rather dilnte solution 
of caustic potash (potassium hydrate, KHO) until the mixture turns 
litmus-paper ueither red nor blue. Evaporate the solution in a po^ 
cclain dish, taking care that the liquid does not actually boil, until a 
ilrnp taken out on the end of a glass rod becomes nearly solid on 
cooling. Then remove the lamp, and allow the dish to become cold. 
The ci^'stala which will separate from the liquid are potassium ni- 
trate, a compound which has already been used in the manufacture of 
nitric acid. The change that has taken place may be thus sym- 
bolized : — 



HNO, + KHO = E3rO, 4- 

Nitric acid. Caustic potash. Potassium nitrate. Water. 

The water in which the nitric acid and caustic potash were dis- 
solved, together with that set free by the reaction, has for the most 
part 1>een removed by evaporation. It might have been removed 
entirely if the evaporation had been carried further. The potassium 
nitrate would then be obtained as a white ciystalline substance, but 
not in well-defined crystals. 

When, as in the above experiment, an acid and a base are 
brought into contact, there is formed, besides water, a new com- 
pound. This compound is called a salt, the name being applied 
to it on account of the general resemblance which this class of 
compounds boar to common salt, — one of the earliest known 
and most familiar of saline bodies. 

03. If wo compare the formula of nitric acid (HN'O,) with 
that of pot/assium nitrate (KNO,), we shall observe a striking 
rcHoinblftiico Ixdween the two ; the two formula? are in fact 
identical, cjxcjcpt that in the one case we have K, the symbol foi 
pfitasHiuin, wlnjre in the other we have H, the symbol for bydio- 
gon. rotiiHHiuTn iiitnito is only one of a class of analogous com- 
pounds calhsl nitrates; the formiila of each member of theclav 
is that of one? or mom niohicules of nitiic acid, (HNO3 , £[,1^,0^ 
etc.,) except that the hydroj^on is replaced by some metallil 
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■ement. Wo have, indeed, already used several of these nitrates, 
u Exp. 20, we used lead nitrate, the symbol of which is 
u Bxp. 19, we prepareil copper jiitrati; wiiich re- 
mained in the solotion, and the symbol of which is CtLN",0,. 

Aa the nitrates correspond to nitric add, so corresponding to 
every acid, there is a series of salts, the name common to all the 
series being derived from the name of the acid. Thua corres- 
ponding to sulphuric acid there are numerous etilpliatea, corres- 
ponding to phosphoric acid there are phosphates, to oxalic acid 
oxalates, etc. As will be noticed in the cases ubove mentioned, 
the acid is designated by a term ending in k, and the term ap- 
plied to the salts ends in ate ; if, however, the name given to the 
acid ends in oa», the name given to the salts ends in ite ; thus, 
corresponding to nitroiw acid we have a series of nitrito ; thus, 
nitrous acid, HNO,, potassium nitrite, KNO,. 

Further use of the terms Acid aad Bau.—^The term acid, 
besides being used as defined in § 6 J , is applied to certain bodies 
whichare destitute of oxygen, Hkechlorhydricacid (hCI)- These 
acids are those formed by the union of hydrogen witli some mem- 
ber of the chlorine group (see page 65), and a few othsrs. The 
salts corresponding to such acids are designated by terms ending 
in ide ; thus we have chlorides, bromides and fluorides from 
chlothydric, brorohydric and fluorhydric acids respectively. 

The term 'base is sometimes used to denote certain compounds 
which contain no hydrogen. If ptitassium oxide (K,0), which 
may be formed by heating metallic pofcissium in dry air or oxy- 
gen gas, be treated with nitric acid, the following reaction will 
take place : — 

The same "salt," potassium nitrate (KNO,), is produced as in 
Exp. 25, where potassium hydrate and nitric acid were bronght 
together. On account of their tiking part in such reactions as 
these, the anhydrous oxides of the ratitallic elements are often 
spoken of as bases. In some cases the oside is mor&'commonly 
employed than the hydrate, or base proper, in neutra." 
a fiTiT niti g salts. This is the case with oxide o" 
I J 
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Bzp. 26.— Put the nitric acid wLich remains from Zhcp. 22, into 
an evaporating dish, dilute with twice its bulk of water, and add 
finely powdered litharge us long as it readily dissolves. Evaporate 
the Rolutiou carefully to dryness, using a very gentle heat. There 
remains a white saline substance which is lead nitrate such as was 
useil in Z3zp. 20. Its fonnation is thus represented : — 
PbO + 2HNO3 = PbN.O, + H,0. 

Lead oxide. Lead nitrate. 

The term anhydride (or more definitely, acid anhydride) is 
commonly applied to an oxide of a non-metallic element^ which 
in combination with the elements of water forms an acid, as was 
illustrated by nitric anhydride in § 64. To these anhydrides 
the term acid was formerly applied, as well as to the acids proper. 
To distinguish between the two sorts of compounds, the terms 
anhydrous and hydrated were employed ; thus, M'^Og was known 
as anhydrous nitric acid, and HNO3 as hydrated nitric acid. 
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64. Nitrogen and Hydrogen. — ^While there are five conh 
pounds of nitrogen with oxygen, there is but one known com- 
pound of nitrogen and hydrogen. This is a gas, and may be 
readily prepared from ammonia-water, — the aqua ammonia d 
the druggists. 

Fill a flask of 250 to 
500 c. c. capacity abont 
half full of the strongest 
ammonia-water to be 
had at the druggist^ 
Close the flask by a oaA 
provided with a funnel- 
tube and an exit-tube; 
carry the delivery-tube 
to the bottom of a tall 
bottle, having a capaci- 
ty of at least a litre, ani 
filled with fragment! ef 
qnick-lime. When te 
ammonia-water iu th* 
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flask ^ gent]j boiled, the gaa which puases off will be deprived of 
moisture by the qiutk-lime, and will issui^ Uiy (rom the bottle ; it may 
be coIlttiileJ iivui' iiiBHiury, ur by disjilatemeiit, eg ahowa iii the figure 
(Fig. 18). Tlie gas is su txtreuiely Buliible in water, that it cannot be 
collected over the ordinary water-pan ; as it hae little more than half 
the density of atmospheric air, it can lie readily collected by dieplace- 
(iient. "When thus collected, the gas should be allowed to puss into 
the very lootdy corked imttle, mitil a piece of turmeiic jMipe]', held at 
the mouth, is immediately turned brown ; the deliTeiy-tube is then 
witbdniwii, and the mouth of the bottle is tightly closeJ with a 
caotitdiouc or glass stopper. 

If the gas be collected over mercury, the flaek must be provided 
■with a very long fumiel-tube ; for the pressure to be overcome by the 
gas in forcing its way through even a few centimetres of mercury ia 
quite considerable, and uidess the funnel-tube were long enough to 
sustain a column of liquid exerting an equal pressure, the lii^uid in 
the flask would be forced out through this lube. 

Tile gas tlms obtained is transparent and colorlras, possesses 
an extraordinarily pungent odor which provokea tears, and baa an 
acrid, alkaline taste. It will be found to be uninflammable, and 
ia, of course, irrespirable. It turns ruii litmus to blue most ener- 
getically. One measiu^ of water at 0° dissolves 1,049 measurea 
of the gas. 

The ready aolubOity of anunonla-gaa may be illustrated as fol- 
lows : Fill a atout glass tube — an ignition-tulie, for example, — over 
mercury with the gas ; grasp the tulw by the to]i, and, holding it ujf- 
right, dip ita mouth into a vessel of water. The water n-ill rush up 
the tube, if the gaa be pure, with a force which might break the tube, 
if too thin. 

65. The solution of ammonia if exposed to the air, or placed 
in a vacuum, or simply boiled, loses all its gas. When t!ie gas 
IS cooled to 0° and subjected to a pressure of 4^ atmospheres, it 
is converted into a transparent mobile liquid. The gaa may 
also he liqtiefied at the ordinary preBsure if cooled to — 40°. 
Liquid aiomonia iu passing' into tlie gaaeoua stat« alisorbs a lai^'O 
auiutiiit of heat from summiiding objects. In certain machines 
for tliB productifm of ice artificially, advantage is taken of thia 
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GO. The solution of ammonia-gns in water is a reagent con- 
fcinuidly requin;<l, as a tost, in the laboratory, and much used 
in the arts. The sfJution is colorless, intensely alkaline, baa 
a ciuistic tiisto, and, when concentrated, blisters the skin; it 
is lightLT than watiT, and so much the lighter in proportion to 
the amount of ammonia tliat it contains. The solution may 
he prei)arud from a mixture of ammoniuin chloride and ffl f^jr^ 
lime. 

Ezp. 27. — Mix 25 grms. of ammonium chloride, a substance 
generally sold under the name of sal ammonuKy with about the same 

n*. 10. weight of cold, freshly-daked 

lime. Introduce the mixture 
into a flask of 500 c c capacity, 
and place the flask on a sand- 
bath over the gas-lamp. Close 
the mouth of the flask with a 
good cork, provided with a de- 
livery-tube so bent as to con- 
nect conveniently, by means of 
a caoutchouc connector, with the 
first of the series of three-necked 
bottles (Woulfe-bottles) represented in Fig. 19. On heating the mix- 
ture, ammonia-gas will be disengaged, and will be absorbed by the 
water in tlie "Woulfe-bottles. 

The first of tliis series of bottles is smaller than the rest, and is not 
filled so full of water as the others ; it should be kept cool by immer- 
sion in cold water ; the delivery-tube coming from the flask into this 
bottle must not dip into the water at all, so that it will be impossible 
for any water to suck back into the flask, should the gas suddenly 
cease to come off from the dry mixture. The construction of the 
apparatus will be easily understood from the figure ; the open tube 
which dips beneath the water in each bottle is a safety-tube, which 
by atlmitting air into any bottle in which a partial vacuum may hap- 
pen to be created by rapid absorption, prevents the contents of the 
succcuding bottle from flowing back into it. In order to show the action 
of the safety-tubes, the open tube in the first bottle may be closed for 
a moment Avith the finger, and the bottle shaken very gently. Water 
will be immediately forced back from the second bottle through the 
connecting-tube to till the vacumn caused by the ab8oq)tiou of the 
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ammonia-gas ; but the moment the finger is removed from the safety- 
tube, air will enter through the latter to fill the vacuum, and the 
water in the connecting-tube will fall back into the second bottle. 
The anmionia-gas can not avoid three separate contacts with water as 
it passes through the apparatus, so that all the gas is sure to be ab- 
sorbed ; the contents of the first bottle wiU not be Jis pure as those of 
the succeeding. In this experiment the gas will be mostly absorbed 
in the first and second Woulfe-bottles. 

The reaction between the ammonium chloride and the slaked 
lime is represented by the following equation : — 

2NH,C1 + CaHjO, = 2NH, + CaCl, -f 21ifi, 

Ammoniam chloride. Slaked liiue. Ammonia. Calcium chloride. Water. 

Ammonium chloride is a compound which may be obtained by 

bringing together dry ammonia, NH,, and dry muriatic-acid 

gas, HCL 

NH3 + HCl = NH^CL 

It may obviously be regarded as a compound of the group called 
ammoniiun, NH4 , with the element chlorine ; from this view is 
derived the name ammonium chloride. Slaked lime is prepared 
by adding water to quick-lime, which is chemically the oxide of 
the metal calcimn. 

CaO 4- H,0 = CaH^Oy 



CHAPTEE Vn. 

CHLOBHYDBIG ACID. 

70. Koriatic (sea-salt) acid, called in modem nomenclature 
chlorhydric acid, is a liquid which has been known for centu- 
ries, and is to-day an article of commerce, largely employed in 
the useful arts. The pure acid is a gas, as ammonia is ; the 
liquid muriatiG acid of commerce is only an aqueous solution of 

5 



llLOItlirnRlC ACID. 



id RiveB it up when heated, precisely as 



ci[>eraticiii niuy lie conveaiuutly perfomieil i 
Fte. so. shuw-n i 




Btrong sulphuric acid ; the moisture of the ; 

the lurge HUifiice of noid with which the ga 

is forced upward through the aciJ-aoaked etoae. The diy, c 

tranapai'ent gss niust he collected over mercury, for it is a 

soluble iu water. 

The gas ia strongly acid in taste and reaction on t 
colora, provokes violent coughing and ia wholly irrespirabla. ! 
is neither comlmstible, nor will it support combustion. The gi 
Bomewhat heavier than air : it ia very soluble in water, and [ 
bo condensed to a liquid, although with difficulty. 

The avidity of water for chlorhydric acid gaa may be neatly A 
liy thrusting a hit of ice into a araiU cylinder nf the dry gos « 
over mercury ; the ice instantly melts, and the gas ae nuickly dj 

71. Tile composition of the gas has becu UetemunedL t 
nnalyais ami by syntlieaie ; and it lias been found that 9 
volume of hydrogen is pombuied with one volume of th4l| 
mentary gas chlorine (Cl) to form two volumes of chloilu 
acid. The molecule of clilorhydric acid will 1 
the formula HCl ; and, as the specific gmvity of chlorin^fl 
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is, the weight of any volume compared with an equal volume 
of hydrogen, is 35.5, the following' diagram represents the com- 
position of this important compijuail, both by volume and by 



c^ HCl 3(1.5 



^ ,72. The mmiatic acid of commerce is made from the most 
abundant and ehtstpest of (ill the natural compounds of 
chlorine, — common salt, whose chemical name is Bodinm 
chloride, and whose formula is NaiCI This substance sup- 
plies the chloriuo ; tho necessary hydrogen is obtained from 
common sulphuric acid (oil of vitriol), whose composition, 
as expressed in its formula B^O,, we have already become 
familiar with. The reaction is somewhat various, according to 
the proportion of sulphnric acU employed; it may be either of 
tbe reactions expressed in the foUowinj^ equations : — 



KaCl + H,80, 




HCl -|- HHaSO,; 



1 the first of these reactions, only one-haK of the hyrlrogen in 
D molecole of sulpiioric acid is replaced by sodium ; in the second, 
both atoms of hydrogen are thus replaced. The first reaction requires 
more sulphuric acid, in proportion to the amount of the product than 
the second, hut is accomplisheil with Icrh wear of the apparatus, be- 
oinse a more moderate heat suffices fur the first than for the second 
reliction. 

On the manufacturing scale, the salt and snlphurie acid are beat«d 
p iron cylindeiB, and the evolved gas is absorbed by water con- 
of stoneware Woulfe-bottles. The ordinary com- 
ddUid contains from 30 to 40 per cent by weiyht of real acid. 
— Plooe 30 grms. of dry (or better, fused) coaiaely {lowdered 
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salt, in a flask of a litre capacity, provided with a delivery-tube wliidi 

can be conveniently connected by a caoutchouc connector wiA a 

]pi^. ^1, series of small WouKe-bottles, 

such as is represented in Fig. 21. 
Pour 60 grms. of strong sul- 
phuric acid upon the salt, and 
immediately cork the flask, place 
it upon a sand-bath on the iron- 
stand and connect the delivery- 
tube with the Woulfe-bottles. 
The tubes by which the gas en- 
ters the bottles should barely dip 
beneath the water contained in 
them, inasmuch as the solution of chlorhydric acid is heavier than 
water : the bottles should not be more than half fall, for the water 
becomes hot, and increases considerably in bulk. As hot water holdi 
less gas in solution than cold water, it is not amiss to place each three- 
necked bottle in a vessel of cold water. The first Woulfe-bottle shonM 
contain but a small quantity of water, and the tube coming from the 
flask should not dip into this water. The contents of the fliask must 
be very gradwilly and moderately heated, else a violent frothing is 
liable to occur, which would spoil the experiment. The acid will be 
purer in the second bottle than in the first, in the third than in the 
second, and so forth. 

73. The uses of chlorhydric acid are very nnmeronB : it is 
employed in making chlorine, potassium clilorate, and ** chloride 
of lime " (bleaching powder) ; in preparing ammonium chloride 
and tin chloride ; in the manufacture of gelatin ; for dissolvii^ 
metals, either by itself or mixed -with nitric acid ; and it is one 
of the most useful reagents in the chemical laboratory. 

74. Chlorhydric acid, as has already been stated (§ 63), di£fen 
from the other acids with which we have become acquainted in thit 
it contains no oxygen. 

As there are certain compounds called nitrates whose formula 
may be derived from that of nitric acid by replacing the symbol rf 
hydrogen in the acid by that of some metallic element ; so there ii t 
series of compounds, the fommlu) of which may be derived from thM 
of chlorhydric acid by putting the symbol of a metallic element ii 
the place of the symbol of hydrogen in the acid. These comTwundi 
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are cnUcd oblOTldes : thus «iidiuia cfaloriUe, cuutnion salt, is NnCL 
Chlorides aru t'onneil in smae cases 1>y treatiii{i; tbu uieUl with ulilor- 
hydiiu acid, vm in the funmitiun of due chlorid* (ZaCl^ EKp. 11, 
§ 35 : in other caaea t,hey are formed by trealing the oxide, or the 
hydrate, of the metal with uhlorhydric add, as may be Been ia these 



ZTaBO 

Scdiuiu bjrlnilc 


+ 


HCl 


= NaCl + 


H,0 


Buyer oiIJe. 


+ 


3HC1 


- 2 Agra + 


H,0 


CuO 


+ 


2 HCl 


_ Cuca, + 

Coppflr d.lorlilc. 


H,0. 



If the formula of silver cliloride (AgCI) be compared with that of 
zinc chloride (ZnCl,), this differeuce will be observed between them, 
— that while the molecule of silver chloride may be regarded as a 
molecule of clilorhydric acid (HCl), in which the atom of hydrogen 
(H) ia replaced by an atom of silver (Ag), the molecule of linc 
chloride muet be regarded bb formed from tivo molecules of chlor- 
hyilric acid (H,C1,) by replacing two atoma of hydniHen (B,) by one 
atom of zinc (Zd). Now, there is a class of metals which, like silver, 
replace hydrogen atom for atom : these metals are aaid to be tinl^ 
valeut. Tliere is another class of metals which act like xinc in re~ 
})laetng hydrogen ; they are said to be bt-valent The same dis- 
tinction is seen in the other compounds of lliew elements r thus, 
sulphuric acid being H^O^ zinc sulphate is ZnSO,, and silver 
eiilpliate is Ag^O,; nitric acid being HNOj, ;riuu nitrate is 
ZiiN,0,, and silver nitrate is AglfO,. It will appear hereafter that 
there are elemeuta which are trl-valetil, quadri-valunt, etc In gen- 
eral teiiuB, the replaolng-power of auy element with respect to 
hydrogen is called its quaatlviileaoa ; this qnantivalence of on 
element may he learned, not only from the number of hydrogen atoma 
which the atom of the element can replace, but also from the number 
of hydr(^n atoms with ivhioh it can combine ; thus, from the fonaula 
of chlorhydric add, HCl, we leai'n that chlorine is here uni-valeiit, as 
the atom of chlorine combines with only a dngle atom of hydrogen. 
[See alao page 288.] 

75. Aqua Begia (Eoyal Water).— TLU name was given by 
[ the alchemists to a mixture of clilorliydric and nitric acids, 
e of itH |jower tu dissolve gold, the "king of metals." 



^^- 2^- -" ^^*^ * ^ew square centimetres of genuine gold-leaf 
at the bottom of a test-tube, and pour upon the gold a little strong 
chlorhydric acid ; put some gold-leaf in a second tert-tube, and pour 
upon it a few drops of nitric acid : neither acid attacks the gold, 
which remains undissolved. If the contents of the two test-tubes be 
mixed together in either tube, the gold-leaf will almost immediately 
dissolve. 

The efficacy of aqua regia as a solvent of gold depends upon 
the fact that the nitric and chlorhydric acids mutuaUy decom- 
pose each other. Chlorine is set free, and, as it issues from its 
combination with hydrogen, acts on the gold much more enOT- 
getically than it would in its ordinary condition. The chloriiw 
in this case is said to be in the nascent state. 

There are numerous cases in which bodies, whioh do not mate 
tinder ordinary conditions, are capable of chemical combination at 
the instant when they are disengaged from other compounds • and the 
phrase, " in ihe nascent state" just used, is one of some conyenifiiie6L 
although it must not be supposed to explain, or in any way to acoonot 
for, the phenomena with reference to which it is employed. 

76. The practical importance of a knowledge of the atomic 
weights in calculating the proportional amounts of the dififereitf 
substances taking part iu any case in a chemical action^ hii 
already been explained in § 36, and may, at this point, be forth* 
illustrated as follows. In the manufacture of chlorhydric add, 
for instance, suppose it were required to ascertaiif how mudi 
sulphuric acid would be necessary to decompose 100 kiloa of 
salt, bearing in mind that the result may be effected acooiding ti 
either of the two actions formulated on page 61. 

The molecular wt of NaCl is 23 + 36.5 = ' 5W 

H,SO, is 2 + 32 + 4 X 16 — 08 

« HNaSp, is 1 + 23 + 32 + 64 — 1» 

« Na,SO^ is 46 + 32 + 64 — 148 

« HCl is 1 + 35.5 .« 



it u 

it (( 

(( (i 



The weight of the sulphuric acid needed in the two 
ascertained by solving the following prop^^^^^® * 
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68.5 : 98 = 100 : k (= 167.52) 
Mol. wt. Mol. lot No. hiloi. No. leilo4. 

NbCI H^O, KaCl used H,SO, Deeded. 



The weight of ohlorhyJric acid gaa produced in the two cases 
will be precisely the same : it ia deduced {ram the propor- 

^'^^ \ 58.6 : 36.6 = 100 z (= 62.39) 

' Mol. yit. Mol. wt. Kilos. Kilos. 

NaCl HCl NaCl used. HCl produced. 



The weights of the residual sotlium salts in the two cases may 
be deduced as follows ; — 

^""^ ' X (= 205.13) 

HNaBO, 



2ITaCI KbiSO, 



x(= 121.37) 
Kilos, of 



» CHAPTER Vni. 

CHLOBUTE, BSOKIKE, lODIlIE AND FLUOEHTS. 
CHLORINE (cl). 

77. Chlorine is an abundant element and very widely dis- 
tributeji in nature. It exists chiefly in combination with 
sodium OS Bodiom chloride, which is called roclc-salt or sea-salt, 
accordingly as it ia found in beds in the earth, or dissolved in 
Jl»6 water of the ocean. Every litre of sea-water will yield about 
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5 litres of chlorine gas. Besides sodium chloriddy sea-water eon- 
tains small quantities of the chlorides of seyeral other metals j 
there are numerous minerals, also, which contain chloTine. 

78. Chlorine can readily be prepared from chlorhydrie add 
by removing the hydrogen of that swid by chemical means. 

Ezp. 30. — In a flask of about 500 cc. capacity, furnished with 
a suitable delivery-tube, place 8 or 10 grms. of coarsely-powdered 
manganese binoxide ; pour upon it 20 or 30 grms. of codunon muriatifi 
acid, and gently heat the mixture. Chlorine will soon be disengaged, 
and may be recognized by its peculiar color. Being very heavy, the 
gas may best be collected by displacement in dry bottles placed in 
the open air or in a case or box provided with an efficient draft. It 
may also be collected over warm water or brine in the water-pan. It 
can not be well collected over water at the ordinary temperature, since 
it is rather easily soluble therein ; though the difficulty may be obvi- 
ated in part by evolving the gas rapidly, or by passing the deliveiy- 
tube to the top of the bottle in which the gas is collected. It mnit 
not be left standing over water, since it would soon be entirely ab- 
sorbed. In experimenting with chlorine, care must always be takea 
not to inhale it. 

The reaction which occurs in this experiment may be thus fonnOf 

latcd : — f* 

MnO, + 4HC1 = 2H,0 + MnCl, -f- 2Ca. / 

Manganese binoxide is a substance rich in oxygen, which, under 
certain conditions, it readily yields up to other elements. In the can 
before us, the oxygen of the manganese binoxide unites with the 
hydrogen of the chlorhydrie acid to form water. The chlorine of the 
chlorhydrie acid unites in part with the manganese, to form maft* 
ganese chloride, and is in part left free. 

79. At the ordinary temperature, chlorine is a gas of yeUoW' 
ish-green color, 2.5 times heavier than atmospheric air. Bi 
specific gravity and* atomic weight are 35.5. It is excessiYe^ 
irritating and suffocating, even when inhaled in exceeding 
small quantities. Any attempt to breathe the undiluted gM 
would undoubtedly be fatal. 

80. Chlorine is a powerful chemical agent. It combines wift 
hydrogen with explosive violence when a mixture of the twi 
gases is heated, or even exposed to sunlight. 
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Bzp, 31.— In a aoda-water bottle, which must be screened from 
strong light by wrapping it in a towel, unle?8direi:t and reflected Bun- 
light be esuluded I'ruiii the room, mix of[iial vidujues of clilorinc aiiil 
hydrogen, tien remove the cork and hold the mouth of the bottle in 
the flame of a lamp. A eharp explosion, will ensue. 

A mixture of the two gasea may be kept in the dark for any 
length of time without change : in diffused daylight, ttoy 
usually unite only slowly and gradmiUy ; but, in direct sun- 
light, the union is eo instantaneoua as to be attended with 

81. Chlorme combines also very readily with many of the 
metjds, tlio combination being in aeveml inetancea attended 
■with evolution of light 



? capacity with dly 



Exp. 32. — Fill a bottle of at least half a 
chlorine gas, by displace- E 

ment GradiiiUly sift a 
gramme or two of very 
finely -powdered metallic 
antimony into tlie iHittle, 
Tlie metal will inBtniitly 
tiike fire, and fall in a 
glowing state to Ihe Imt- 
toni of the bottle. Tliis 
fire attends thB fomiiitinu 
of a compound otcliliirii!. 
and antimony, a portioi 
of which will Iw seen pei 
vading the bottle ae a white Biiioko. 

Il is neceaaary for the success of this es])erinieut, that the gas Le 
thoroughly dried ; this ia efl'eeted by healing the flaak containing 
the manganese binoside and chlorhydric acid gtntly, and passing the 
chlorine throu^ a tube filled with chloride of calcium. (Appendix, 
$ IB.) It IB not amisB to interpose a email bottle between the flask 
and the drying-tnlie ; this bottle may be kept cool by immersion in 
water, and will retain a cotifiidemljle portion of the moistore earned 
forward by the gas. 

This experiment, and, indeed, all eKperinienta with chlorine, ahould 
ae performed only iu places where there ia a current of aii suflicienlly 
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poirerful to carry away from the ofierator the volatile producla of tht 
n;iictiuu. together with auy chlorine which niay escape liiiut the botll^ 

Aa ill the cuse ot' the union of sulphur with copper (Eip< li 
I 2), so here it will be seen that bamin^, as commonly luulf^ 
stood, is in no wise peculiar to the uriiun of oxygen with the 
other elements. In the aut of chemical combiuation, heal ia 
always evolved, and, of comse, hght ua well, if pa^clee of soliil 
matter be present, aud become hot enough to be liiminous. 

Since oxygen is very abundant, we are more accustomed to 
witness exhibitions of its chemical action than of that of aiif 
other element ; but we must not, therefore, lose sight of the &ct 
that among the elements, there are several which possess chtani- 
cal power as great when brought into play, though not as 6fr 
quently exhibited as that of oxygen. 

82. A burning jet of hydrogen, on being introduced into a 
jar of cfalorine, will continue to bum with a peculiar greui 
light, the two gases uniting to foiin ohlorhydric acid ; and, 
by reversing the experiment, chlorine may justoa well be burned 
in an atmosphere of hydrogen. Although chlorine ia thus both 
combustible anA ti siijiporter of combustion, as iar as bydn^fOI 
ia concerned, it does not unite directly with either axy^m at 



Tf a bit of paper, attached to a wire, be dipped in hot oilof tuipeD- 
riB. as. tine, and then quickly plunged into a bottle of chlo- 
rine, it will nsually take fire Bpontaneoualy, and bun 
I with evolution of dense black fumes. On account 
I of the volatility and reaily inflammability of oil of 
1 turpentine, it ia beat heated upon a water-bath (Ap- 
t pendix, ^ 17), in a porcelain dish. 

!xp- 33. — Tlirust a burning taper, or a bit of 
flaming wood or paper, into a bottle of chlorine gw ! 
the flame will become murky, and, aftet -Btruggling 
for a moment, will go out. Much smoke ia at tht 
same time given off. 

The wax, wooil, paper and turpentine iif the fore- 
going experiments, and, indeed, most of the mb- 
Btanccs onlinarily used aa combustibles, contain hyJni^i) anj caitMm. 




PROPERTIES OF CHLORIXB. 




§83.] 

The hydrogen of these BiibstBTices vrill bum in chlorine, that is 
unite clieiiiiciilly with the chlorijie to I'orm clilorhydric acid ; but the 
carbon wUl not thua imite with chlorine. Hence it ia that in the ei- 
jierimenta in question the tonibustiou is at the expense of the hydro- 
gen ; the Lydro^n of the candle, turpentine and ao forth, alone 
unites with chlorine ; while the carbon is set free m lamp-black or 
Hinolce. 

83. Chloriite is a powerful bleaoblng agent, and, on this 
account, is of great iniportimco in tlie ai^ts. Tiie chlorine to 
be need for this purpose must be moist : perfectly dry chlorine 
will not bleach. 

Tbia may be illnstiated by passing perfectly dry chlorine through a 
glass tube filled with bits of colored calJcoL The coloriuj^ matten 
will not be destroyed so long as they remain dry ; but if, after the diy 
chlorine has been allowed to act for a few minutes, a little water be 
poured into the tube, ao that its contents may be moistened, they will 
be bleached at once. 

Thoae coloring matters which are of vegetable or animal origin are, 
for the moat fmrt, cnraplex comjjounds of carbon, hydrogen, nitrogen 
and oxygen. When moist chlorine is hronght into contact with them, 
a somewhut coniplicateil reaction occuis : a portion of their hydrogen 
is, no doubt, taken out by the chlorine ; but, at the same time, some of 
the water which is present is decomposed, and its oxygen assists the 
disorganization of the compound which is to be destroyed. As a rule, 
the coloring matters are far more easily oxidized than the cotton 
cloth ; hence they can readily be removed by the action of chlorine 
without injury to the cloth. But, if the action of the chlorine were 
to be continued after the coloring matter hod been destroyed, the 
cloth itself would gradually be burned up. 

The bleauhing properties of chlorine may be conveniently illus- 
trated by meana of an aqueous solution of chlorine, oblorina- 
'water, which may be prepared by connecting the ilask in which 
the gas ia generated with a aeries of Woulfe-bottles, as in the prepa- 
ration of chlorhydrie acid. (Fig. 21. § 72.) 

Bi^ 34. — Pour into a small bottle a quantity of chlorine-water, 
drop into it a small quantity of a solution of indigo, and stir the 
mixture with a glass rod. The blue color of the indigo will be imme' 
diotely destroyed. 

In ihe «ame way, the color of litmus, cochineal, aniline-purple, or 
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of JlowoTR, calico, and the like, can be readily destroyed by inunenion 
ill flilori lie- water. 

8 k Chlorine Is also employed as a dismfectant. It destroys 
noxious elUuvia, either by acting on them as on coloring mattere, 
c»r by simply Uiking away hydrogen, as in the case of solpIlTlie^ 
ted hydrogen, horeafter to bo studied. 

8r>. Oxides and Acids of Chlorine. — Five compounds of 
oxygen ami clilorine arc recognized by chemists, although they 
have not all been isolated. Four of them combine with the 
elements of water to form acids. Of these compoxmds the 
most important is chloric acid (HClOs) corresponding to nitrit 
acid (HNO3), ^^^^ giving rise to compounds called cUorateft 
Potassium chlorate (KClOs), one of these compounds, was 
used in Exp. 4, § 12, as a source of oxygen. Under the in- 
fluence of heat, it is decomposed into oxygen and potassium 
cldoride : KCIO3 = KCl + Os- 

One of the salts of hypochlorouB acid (W310), namdy/ 
calcium hypochlorite, is of great importance in the art^ 
being an ingredient of "chloride of lime," or Ueaohinf 
powder. This substance is used in very large quantities for 
bleaching purposes : its value depends upon the readiness wiA 
which it gives off chlorine under the influence of chemieil 
agents. When it is treated with any acid, chlorine is diaeD- 
gaged. 

Exp. 35. — At the bottom of a large, tall beaker, or other wide- 
mouthed glass vessel, of the capacity of two or three litres, place 1 
small bottle containing 15 or 20 grms. of bleaching-powder. Covff 
the beaker with a glass plate, or sheet of pasteboard, provided with 1 
ftniall hole at the centre : through this hole in the cover pass a tlustile- 
tube down into the bottle of bleaching-powder, and pour upon ft 
several small successive portions of sulphuric acid diluted with an 
eciual volume of water. Chlorine gas will immediately be set free 
from the bleaching-powder, and, falling over into the bottom of the 
large beaker, will gradmdly press out and displace the air thereni 
contained, so that, after a short time, the beaker will be seen to 1i0 
completely filled with the green gas. This is by far the easiest and 
most expeditious method of preparing chloiine. The heavy gas niij 



be larlled out of the jnr with a dipper made of nny cranll bottU, and 
poured iiptui a aolution of indiyo tn show its bleaiihiiig pnwer. 

Bzp. 36. — Soak a bit of printed calico in a hulf-litTc of wuter, into 
which 10 or 15 grms. of hleaching-powder have been stirred. Observe 
thnt the color of the calico bIowI^ imdei^oes change ; then transt'iT 
the cloth to anuther bottle filled with very dilute chlorhydric irt 
Bulphtirio acid, nnd lake mite of the rapidity with which the oDinr h 
dischargcil. If need be, agam immerse the calico in the bleacltini; 
■both, and afterwards in the dilute acid. Finally, waah the whitened 
flloth thoroughly in water. 

^BIto]fIIIE (sr). 
86. Bromine is an element closely allied to cUorine. It is 
fbund in small quantities in sea-water and in tlie water of many 
aaline epringa. One litre of eea-water imiitains from 0.0143 
to 0.1005 grm. of it. As it exists in nature, it is combined 
with metala, magnesiiun bromide Iwiny the compound most 
cominonly met with. Hagnesiiim bromide ia a constituent 
of tlie uncrystallizable residue, ca.lliid bittern, which remains 
after the sodium chloride has bepn crystallized out from the 
natural brines : at several saline springs this bittern contains so 
large a proportion of the bromide, that bromine can be proHtably 
extracted from it. Most of the bromine of commerce is thus 
obtaineil. 

87. At the ordinary temperature, bromine is a liquid of dark 
brown-red color, about three times as heavy as water, and highly 
poisonous. Its odor is irritating and disagreeable, whence the 
name bromine, derived from a Greek word sigiiiiying a stench. 
It boils at about 60°, but is very volatile even at the ordinary 
temperature of the air. 

Exp. 37. — By means of a small pipette, throw into a flask or 
bottle of 1 or 2 litres' capacity 3 or 4 drops of bromine. Cover 
the bottle loosely, and leave it standing. In a short time it will hp 
filled with a roil vapor, which ia bromine gas. This vapor ia very 
heavy, more tlian 6 times as heavy as air and 80 times heavier thou 
hydrogen. 

88. In its chemical behavior, as well as in many of its phjsi- 
S cloeeJy rcBembles chlorine. 
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Its affinity for hydrogen^ though weaker than that c^ chlorise, ii 
f>till powerful Like chlorine, it is an eneigetic bleaching and disin- 
feoting agent If finely-iK)wdered metallic antimony be thrown into 
bromine, violent chemical action takes place. The-metal bums as in 
chlorine, antimony bromide being formed. 

89. Bromhydrio Add (HBr). — like chlorine, bromine foims 
with hydrogen a compound in which equal volumes of the two 
el(*meuts (the bromine being in the state of yapor) are united 
without condensation. Bromhydrio add is a colorless, initatiiig 
gas, readily soluble in water. 

Bromic add ^HBrO,) is analogous to chloric acid (HdOj. 
The bromates resemble the correspondiog chloratai. 



IODINE (i). 

90. In its chemical properties iodine bears a strikiiig leaem* 
blauce to bromine, and consequently to chlorine also. It exists 
in sea-water and in the water of many saline and mineral springs. 
The proportion of iodine in sea- water is exceedingly small, being 
even smaller than that of bromine ; but iodine is obtaiiied mora 
readily than bromine ; for iodine is absorbed from searwater by 
various marine plants, which, during their growth, collect and 
concentrate the minute quantities of iodine which the searwater 
contains, to such an extent that it can be extracted tram them 
with profit 

91. At the ordinary temperature, iodine is a 8offc> heayy, 
crystalline solid of bluish-black color and metallic lustre. Its 
specific gravity is 4.96. It evaporates rather freely at the o^ 
dinary temperature of the air, and the more rapidly when it il 
in a moist condition. Its odor is peculiar, somewhat resembling 
that of chlorine, but weaker, and easily distinguished from it 
It is but slightly soluble in water, but dissolves readily in alco- 
hol. Tlie atomic weight of iodine is 127. 

Tlie vapor of iodine is of a magnificent purple color, wlienoB 
the name iodine, derived from a Greek word signifying viohfe- 
colorod. This vapor is very heavy, — indeed, the heavi^afc of 



11 known gases : it is nearly 9 times as heavy n» ai 
tavity referred to hydrogen is 127. 

Exp. 38. — Hold a diy test-tube in the ga.-t-kmp by means of the 
-vrDoden nippers, and warm it aloi^ ita entire length, in so far as this 
His practicable. Drop into the hot tube a small Ewgrnent of iodine and 
tobserve the vapor aa it riaea in the tube. If only a small portion of 
tiie tube were heated, the vapor would lie deixiaited bb solid iodine 
Dpou the cold part of ita walls. 

. Solid iodine is never met with in the amorphous, shape- 

a state in wliich glass, reaiu, coal and many other substances 

JJ"o matter how obtained, ita particles always exhibit a 

lehnite dystalliiie structure. If the iodine be melted, and then 

Jlowed to cool, or if it be converted into vapor and thin vapor 

K aubaequently condensed, crystals will be formed in either 

93. A singular property of iodine is its power of forming a 
ilue compound with 8t&roL 

Exp. 39. — Prepare a q^uantity of thin starch paste by boiling 30 
i. c. of water in a porcelain dish, and stirring into it 0.5 grm. of starch 
Ivhich hsa previously been reduced to the consistency of cream by 
(nbbing it in a mortar with a few drops of water. 
, Pour 3 OP 4 drops of the paste into 10 c c. of water in a test-tube, 
ind shake the mixture so that the paste may be equably diffused 
Airough the water, then add a drop of an aqueous solution of iodine, 
ind observe the beautiful blue color which the solution asaumes. If 
the solution be heated, the blue coloration will disappear, but it re- 
appeaiH when the liquid is allowed ta cooL 

Dip a strip of white paper in the starch-paste and suspend it, while 
still moist, in a larj^ bottle, into the bottom of which two or three 
crystals of iodine have been thrown. Aa the vapor of iodiue slowly 
diffuses throufih the air of the bottle, it will at hiat come m contact 
with the starch, and after Boroe minutes the paper will be colored 

This reaction furnishes a very delicate teat for iodina By 
its means it has been proved that iodine, though nowhere very 
abundant, is very widely distrihuteil in nature. This reaction is 
aimfvmit) tiie baaia of a test for (diloriiia Strips of papoi aia^ 
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smeared with starch-paste into which potassium iodide in sohition 
luuj ])e<Mi stirred. The paper is dried and kept in stoppend 
Lotties. When a strip of this paper is moistened and eizposed to 
clilorino gas, the chlorine attacks the potassium iodide, potasaiiun 
cliloride is furmed, and iodine is set free. The iodine thuB set 
free manifests itself by imparting the chaiacteristic blue color to 
the starch:— KI + CI = KCl + L 

94. As has been already stated, iodine, in its chemical be- > 
havior, resembles chlorine and bromine, only its a-fflnitiflt^ m ^ 
more feeble. It enters into combination with less energy than 
either of these elements, and is displaced by them from most 
of its combinations. Like them, it unites directly with tiw 
metals and with several other elements. It gradually ootiodes 
organic tissues, and destroys coloring-uiatters, though but sbwlj. 
Iodine and certain of its compounds are much used in medidoB < 
and in photography. 

95. lodohydric acid (Hi) is a colorless acid gas of saffo- 

. eating odor, very soluble in water. It is made up of equal 

y volumes of hydrogen and iodine vapor. The piopoitioDS ly 

\weight are 1 part of hydrogen to 127 parts of iodine. Tl» 

chemical effect of the small proportion of hydrogen contained 
in iodohydric acid is most remarkable. Only y^, op less thu 
1 per cent of iodohydric acid is hydrogen ; yet this very ^mMJl 
proportional quantity of hydrogen is competent to impart to the 
new compound properties possessed by neither the iodine nor 
the hydrogen : the acid bears no resemblance to either of ill 
constituents. 

Iodic acid (HIO,) is analogous to chloric and hromio aoih 
The iodates correspond in composition and general character to 
the bromates and chlorates. 

96. Nitrogen Iodide. — Nitrogen forms, with chlorine, lio- 
mine and iodine, a class of compounds which are very exploBiVa 
Nitrogen chloride is extremely dangerous, often exploding spon- 
taneously without apparent cause. Nitrogen iodide is mudt 
less explosive and may safely be prepared in very small quafr 
titles. 
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tp. 40. — Place 0.25 gnu. of finely -powdered iodine 

:, puiu' upon it enougli cuiicmitrntud am 

mewhut mort than uover the iodiue aud allow the luisture ti^'Blaud 

og 15 oi -la mlDutea. Collect io Bcvetul siutdl tilKnt (Appeu- 

§ 15) the insuluble durk brown powder which will be tbond at 

i bottom of the liquid. Wuidi well with cold wuter ittid then 

filters, to^'etber with their uontcnttt, troin the funnels ; pin 

a. upon bits of boivtil, wid allow them to dry spontaneously. The 

Ls the nitrogen iodide. Ab buod as il hiui become thoroughly 

'ill explode upoii being rubbed, even with a i'eHther, or jarred, 

y the sliuttiii}; of a door, m by a blow upon the wall or table. 

. The Chloriiie Gxoap. — Chlorine, bromine uud iodine 

astitute one ol' the moat remarkable and beat-delined natural 

i of elements. Whether we regard the imeombiued ele- 

oita or their compounds, it is impossible not to be struck mth 

e close analogies which subsist between them. 

Vith hydrogen, all of those elements unite in the propor- 

e yolimie to one volume, without condensation, to 

acid compoondB extremely soluble in water and pos- 

ng throughout analogous properties. Moreover, each of 

1 forma a powerful acid containing three atoms of Oiy- 

besiiles divers other compounda of obvious likeness. 

tth nitrogen they all form e.xplosive compounds. Many 

milnr analogies will Iw made manifest as we proceed to study 

other elements and their compoimds with this chlorine 

roup. 

There is a family resemblance between these three elements 

OS regards their physical as well as their ohamioal cliarac- 

teristics ; but with all their properties, a distinct progression 

16 observable from chlorine through bromine to iodina At 

the orilinary temperature, chlorine is a gas, bromine a liquid 

Btand iodine a solid, though, at temperatures not widely apart, 

Bfaer are all known in the gaseous and liquid states. The 

H|teclfic gravity of bromine vapor is greater than that of chlo- 

rino, anil that of iodine greater than that of bromine. CWorino 

gas is yellow, the vapor of bromine is red dish- brown, that of 

B vwlet. So with all their other properties, — chlorii 
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be at one end of the scale, iodine at the others while bronune 
invariably occupies the intermediate position. 

The properties of the members of this group illustrate what 
seems to be a general principle ; namely, that among the mem- 
bers of a natural chemical group, chemical energy varies in tbe 
inverse direction of the atomic weights. Thus, the atomic 
weight of chlorine is 35.6, that of bromine 80 and that of iodine 
127 ] while the chemical energy of these elements follows the 
opposite order. 

FLUORINE (f). 

98. There is another substance, called fluorine, which is 
closely analogous to chlorine. It occurs tolerably abundantlj 
in nature as calcinm fluoride (CaFg), in the mineral known is 
flnor-spar. Small quantities of fluorine are found also in several 
other minerals, in vegetable and animal substances, particukrij 
in bones, and traces of it occur in sea-water and in various rocks 
and soils. Of late years a considerable mine of a fluorine min- 
eral called cryolite (fluoride of sodium and aluminum) has been 
worked in Greenland. 

99. Fluorine can not be readily obtained in the &ee state and 
scarcely any thing is known of it in that condition. Of all th* 
elements, it appears to have the strongest tendency to enter into 
phcmical combination. It is not only difficult to expel flnorine 
from the minerals in which it is found in nature ; but, on being 
?ot fi'oo from one compound, it immediately attacks whatevtf 
substance is nearest at hand, and so enters into a new combini- 
tion. Hence it is wellnigh impossible to collect it. Little (f 
no doubt, however, is entertained as to the general nature d 
fluorine, since its compounds are closely analogous in manf 
respects to the corresponding compounds of chlorine, bromius 
and iodine. It is to be remarked that fluorine is the only ele- 
ment known which forms no compound with oxygen. Tta 
symbol of fluorine is F. Its atomic weight is 19. 

100. Fluorhydric Acid (hf). — With hydrogen, fluorim 
forms a powerful at'id corresponding to chlorhydric acid and tta 
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p hydrides of tlie chlorine group. It i 
Acid than cither of these, Iiut is spuchlly i^haracteriitsd by ita 
iorroaiva action upon glaaa, it may be readily prepared by 
idJatiUing powdered fluor-s[vir with strong suiphuriu acid; the 
action being analogous to tliat wlii::]i ouuura when conunou aalt 
B treated with sulphuric acid : — 

Car, -1- HjSO, =^ CaSO. -|- 2HF. 
) tliE) ai:id mpidly corrodes gliiss, the proi:e^ must bo con- 
lucted in metallic vosseU. Ordinarily, retorts of lead or plati- 
empluyed, and the distillate is coUuiittid in rocuivera 
ide of the same metals, and carefully cooled by means tif ice. 
The acid thus prepared always coutaJna a small amount of 
iratcr whicli it b difficult to remove completely. The pfrjtclly 
Irg acid, wbiuh may be made by the diatillution of dry hydrogen 
1 flunrida 18, like that prepared as above, a vary volatile, 
iraiiig liquid ; it does not, however, act upon glass. 
This coEToalve power, posaeesed by moist fluorhydiic acid 
s, as well aa by ita aqueous solution, is made use of for etch- 
g glass. The graduations on the glass stems of thermometers 
d eudiometera may thua be made with great precision and 
leility : the acid ia largely employed also in ornamenting glaas 
ith etched patterns. 

Zbtp. 41. — Warm a slip of glass, anil rub it with beeswax so that 
shall be everywhere covered, with a thin, uniform layer of the wax. 
ith ft needle, or other pointed inetiument, write a name, or trace 
f outline througli the wax, so as to eipoae n portion of the gkas. 
f tha etching, face downward, upon a howl or trough of abeet-lead, 
, which haa been placed a taaspoanfnl of powdered flnnr-apiu' and 
ough strong sulphuric acid to convert it into a thin paste. 

r the gloas and the top of tlie diah with a sheet of paper and 
^TEen gently heat the leaden vessel for a few moments, lakinR care not 
to melt the wai ; then set the diah aaide in a warm place STid leave it 
at rest during an hour or two. Finally, melt the wai and wipe it off 
the gl.i3S with a towel or hit of paper ; the glaaa will he found to bo 
etched and corwuled at the places where it was laid hare by the n^ 
MtoTai of thn wai. 
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CHAPTER 

101. Besides ordinary oxygen, such as is found in the air 
bus been pn^jMired in Ezpa 3 and 4^ another kind or form ol 
this element is known to chemists. This new modification of 
()xy;^oii has received a special name, and ia called oomiflL 

Seveml other elements, notably Bulphur, phosphomB and 
carbon, occur, us oxygen does, in very unlike states, or with yerj 
(lilluivnt attributes, while the fundamental chemical identity of the 
HuljHtuuce is preserved. The word allotropiBin is employed to 
express this capability of some of the elements : it is derived fvm 
Greek words signifying of a different habit or chaarcuiter. This wod 
serves merely to bring into one cat^ory a considerable number of 
conspicuous facts, of whose essential nature we have no knowledge; 
there is, of course, no virtue in the word itself to explain or account 
for the phenomena to which it refers. 

102. Ozone is an exceedingly energetic chemical agent 
which resembles chlorine in some respects : it can theiefon 
bo advantageously studied in connection with the ohloiiiie 
group. 

It was long ago noticed that when an electrical machioB 
was put in operation a peculiar, pungent odor was devdopei 
More rocontly it has been observed that the same odor is main- 
festod during the electrolysis of water (§ 25), and that this odoJ 
resembles that evolved by moistened phosphonis when exposed 
to the air. It has gradually been made out, that the odor in 
(uvch of these cases is duo to the presence of a peculiar modifier 
tion of oxygon, called OZOne from a Greek word signifymg tD 
snuill. 

103. Ozone may be best prepared hy certain electrical ma- 
cliinos devised for the purpose ; but the phosphorus method . 
will usually be found most convenient. 
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Exp. 42. - In a dean bottle of 1 or 2 litrea' capacity place & piece 
>f phosphorus 2 or 3 i;. m. long, the surface of which haa beeii scraped 
lean (under water) with a knife ; pour water into the bottle until 
be phosphoma is half covered ; cloee the bottle with a loose stop- 
fer, and aet it aside in a place where the tenipemture ia 20° or 3(1°. 
n the coui'se of ten or fiftt^en minutes a. column of fog will be seen 
O ri^ from that portion of the phosphorus wliich projects above the 
^ater : the original garlic odor of the phosphorus will toon be lost, 
nd the peculiar odor of o;6one will gradually pervade the bottle. 
Lfter one or two hours, the bottle will be found to coutain an abun- 
unce of ozone for purposes of iUuHtration. 

The chemical changes which occur during this eiperiiaent are 
omplicatevl ; it will be enough to say of them that the phosphoma 
Lsites with oxygen from the air in the bottle to fonn an ozlda of 
iliOBphonu, that during this process of oxidatioa a jioi-tion of 
lie oxygen in the bottle is chan^^ into oione, and that some of the 
•matia remains, even after several hours, diiiiiseil iii the air of the 
ottle. 

It must be distinctly understood tliat only a very minute 
i^iiantity of ozone ia obtained in the foregoing ex]jeriment ; 
Hit ozone is a substance possessing great chemical power, and 
Hit little of it is needed in order to exhibit its characteristic 
►Topertiea. 

104. Osone is an indtating, poisonous gaa : air which is 
lighly charged with it ia irrespirablo, and produces effects on 
lie human auliject similar to those produced by chlorine. Its 
Mlor, which has been compared to that of weak chlorine, is so 
**Dwerful that it can be recognized in air containing only one- 
iiillionth part of the gas. Like chlorine, ozone bleaches and 
lestroya vegetable coloring matters, and ia a powerful disin- 
fectant. Like clilorinsj it instantly decomposes the iodides of 
'•he metals ; upon this property is baaed a ready method of 
^«sting for its presence. 

Bxp. 43, — Into the bottle of ononixed air (Exp. 42^ thrust a 
lioiBtened slip of test-paper, saturated with starch and iwlide of 
'vitasHiiuii, prepared as described in § 93 : the paper will instantly 
ic^uire a, deep blue tint 
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As in the case where the test-paper is employed tcft deteeting 
chlorine (§ 93), so here, the reaction depends upon the displacement' 
of the chemically feeble iodine by the more powerful ozone : — 

ys 2KI + O — K,0 -f- 2L 

The ozone here nets as oxygen, in one sense : at all events, the potai' 
siuni oxide fonued is not to be distinguished from potassiom oxide 
prepared with common oxygen ; but this in no wise contradicts the ilKt 
that ozone is an extraordinarily active and energetic variety of oi^ 
gen, inasmuch as common oxygen will not effect this decompootifltt 

105. The great difference between ordinary oxygen and the aDo^ 1^ 
tropic uiodificution, ozone, is generally explained by supposing tU I' 
while the molecules of oxygen and the molecules of ozone are botk I 
nuule up of oxygen atoms, the former contains two atoms in each mob* I 
cule (see page 90), while the latter contains three atoms. This idei wr 
is strengthened by the fact that when oxygen is converted into oioii 1^ 
a condensation takes place, and when the ozone is reconverted Txt^Wr 
ordinary oxygen there is an expansion to the original bulk. Ottelf 
observed facts lead to the same conclusion, and the action of ozone ttl' 
potassium iodide would probably be more correctly expressed bj tti 1^ 
equation : ' I 

^^2X1+0, = K80+2I+0,. r 

106. The oiddiziiig power of ozone is intense. WhA|| 
moisture is present, it oxidizes all the metals excepting golii 
l)latinum and the platinum metals : even silver is oxidized If 
it at the ordinary temperature, and becomes covered withi 
brown coating of an oxide of silver. In like manner, mo^ 
organic substances are quickly oxidized by ozone : when sob' 
stances such as saw-dust, garden-mould, powdered charcodi 
milk or flesh, are thrown into a bottle of ozonized air, the odd 
of ozone instantly disappears. 

By virtue of this strong oxidizing power, ozone is of gnit 
importance as a disinfecting agent It destroys instantly i 
multitude of oflcnsivo gases, such as arise from decaying animil 
and vegetable matter, and has been frequently recommended of 
late as a substance well fitted for tho purification of sick-: 
and hospital-wards. 



I 
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107. A minute proportion of ozone seems to esist in normal 
rtmospheric air ; it ia especially abmiUaiit after a thunder-storm. 
~t is Beldom found in the air of thickly inhatiited loi;ali- 
ies. At temperatures above 100° ozone u converted into ordi- 
laxy OKygen. 

106. AntoaoQS. During the oxidution of ]>hDephorns in mmst 
tir, Exp. 42, it wae no doubt noticed that the boltle became 
Uled with white fnmea. Also in Exp. 7, § 17, during the rapid oii- 
lation of phosphorus thei« waa produced a white mi^t of considerable 
>epnnanenee, whtuh remained long after the oxides of phosphoniH, 
vlich were also formed, bad been absorbed by the water. More- 
iiver, if electrized oxj^n (or electrized air) be passed through a 
(olution of potassium iodide, the ozone will be completely removed ; 
a(i subsequently, the air or oxygen be allowed to bubble through 
ivater, the same peculiiir mist will be formed. It was fur a time siip' 
308ed that this mist was caused by the preseoce of a third modtfica- 
Son of oxy^n, called antozone, which wa» Euppoeed to be pro- 
duced simultaneonsly with ozone by electrical action, and by pro- 
Se^ee of oxidation. Later research has, however, diaproved the 
^^Btence of such a third modification, and although it ie impossible 
M; present to account for all the effects which have been ascril>eil to 
KQtOBOne, in many cases they eeem to be due to the presence of bydio- 
Bm peroxide, an oxide of hydrogen having the symbol H,0,. 



CHAPTER X. 

BULPHTTB, BELEinirH ASD TELLUBim. 

SULPHUR (a). 

109. Sulphur occurs somewhat abundantly in nature l)oth in 

tTia free state and in combination with other elements. Many 

5W8 of metals, for example, are sulphur compounds. It is a 

Component of several abundant salts, such as the sulphates of 

Calcium, barium and sodium, and occurs in small proportion in 

uany animal and vegetable subataucea. Tree sulphur is found 
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pemtHre at wliii:h it takea fire. Being ignited by the burning phie- 
pLoniB, it bums unlil t}ie less readily combustible wood Ls set ou £«, 

1 1 7. Hydrogen nQphide (h,b) or salphnretted hydrogen, as it 
ia often called, is a colorless gua whicli aiuells like rotten eggs. 
It iiiay bo conveniently prepared by treating iron sulphide wilh 
dilute chlorhydric acid. 

Exp. 48. — In a gaa-bottle, Fig, 26, put 10 oi 12 gnns. of iion 
Buli>hide (rtpe E^tp. 47) ; replace the cork in the bottle and introduce 
FIB- ss. the gas deliverj'-tulu into another small bottle 

cnntainingcoldwater, letting it dip 5 or 6 cm. 
buieath the aurfaee of the water. Throu^ 
the thiatle-tube, pour into the gas-bottle wot« 
enough to se.il the lower eitremity of lliis 
tube : then add, through the tluatle-tuhe as be- 
fore, 2 or 3 teaspoonfnls of Etrong chlorhydrie 
acid, and observe that bubbles of gas soon be- 
gin to pass through the water in the absorption 
bottle. 

Hydrogen eidphide ia soluble in water b a 
I considerable extent, and is conaequently taken 
up by the water in the absorption bottle, The 
solution tbnif obtained, known oa snlphnretted-hydrogeii-watet, is 
much eraployeil as a. reagent in chemical labomtoriea. 

When the disengagement of gas blackens, a new portion of chlof 
hydric acid niay be added through the thistle-tube, and this piow« 
continued nntil the water in the absorption bottle smeUa etrongly li 

This experiment should be performed out of doors, or in a drangll 
of air so arranged that those portions of the gas which escape solutiaii 
shall be carried away Irom the operator. 

The reai^tion which takes place may be represented as follows -.— 

FeS -[- 2HC1 = FoCl, + H,9. 

lis. Hydrogen sulphide is readily inflanunablo. It burnt 
will] a blue llarac, priinlucijig water and sulphurous acid gaa;— 
H,S -f 30 = H,0 + SO,. 

Exp. 49. — To the delivery-tube of the gas-bottle emplojal 
in generating hydrogen sulphide, attach a Urying-tubc conlttiaiBt 
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fragmeuls of calcium chloride, and with the tube 
of No. 6 glasa lulling di'iwii out to a fine point. 
Wheu tlie appuratufi is full of the gafi, apiily a 
nuLtch U) the end of the tube. Thi; gas will take 
fire, and bum. with a blui; flume. If a dry but- 
tle be held over the fiame, the walls will become 
coated with moisture which will have an acid reoc- 
lion and will redden blue litmus paper. 

The jet of hydrogen sulphide 
•hould not be lighted until all the 
ail is expelled from the apparatus, as thia 

119. Hydrogen BiilpMde ia readily decomposeil by heat, as 
may be shown by pasdiiig ii current of the gaa thrciugh a glass 
tube, heated for a portion <jf its length. The gas will he separ- 
ated into hydrogen and sulphur ; the latter will be deposited 
on the cold portion of the tube. 

Analyaia has proved that the composition of hydrogen 8iil- 
|thide, both by volume aud by weight, may be expressed by the 
I following diagram, in which the symbol a represents a nnit 
[ Tolume of sulphiu' in the state of vapor. 
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120. Hydr<^^ tnlphide is very poisonous : when respired in 
1 puTQ state, it quickly proves fetal, and it is very deleterious, 
1 though largely dUuted with atmospheric air. It is there- 
e best, when experimenting with it, to operate where there ia 
e circulution of air. 
I The gas exists as a natural constituent of some mineral waters 
picfa are thence called sulphurous, such as the Vii^'inia Sulphur 
I, and the mineral springs at Sharon, N. T, It is also 
n the air and water of foul sewera, and wherever animal 
c 13 uiidergoitig putrefaction. 
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121. When moist hydrogen sulphide comes in contact villi 
wi'Uin of the metals, it is det( imposed. 

Bxp. 30.— Place a drop of sulplmretlcd-tiydiuj-eu- water (Esp. 4S 
upou a bright pieix of copper, lead or silver. The laelal will quick); 
become black. Tbe sulpbur of the hydn^en siilphide nnites wiUi 
the metul, to fonn a eulphide of the inetnl, while the hydrogea 
escapee, or we may say that the miital replaces the hj-dmgen i 
hydiogeu sulphide. 

Cu -|- H,a = Cos -|- 2 H. 
2 As + H.S = Ag^ -[- 2 H. 

From a solutiou of any ciuniiouiid of these metals, hjdiageKi 
Bulpiiide will throw down the sulphide of the metaL 

Bxp. 51. — Dissolve a smatl cty»tul of lead nitrate in a test-tube 
half full of water, and to this solution add a few drops of the Eulphur- 
etted-hydrogeu-water. Lead sulphide is tlirown dowii as a hlnck 
precipitate, and nitric acid is set free. 

PbN,0, + H^ = PbS + 2 HNOp 
On account of this piMpei-ty of precipitating varioiia i 
sulphides, hydrogen sulphide ia much uaed in the chemiond 
laboratory as a reagent. 

Snlplmr and Oxygen. — Of the compounds of sf& 
phut and oxygen tlie nioiit iiuportaiit are snlphuroaB anliydrids 
and Btilphaiic anhydride. 

123. Snlphnrons anhydride (SO,), eontmonly called ml* 
plmronB acid (see § 63). — Tliis is the oidy one of the variouB 
compounds of oxygen and aulphur which can be formed by tt 
direct union of its constituents. It is produced whenever 9ut 
phur is btimed in aii or in oxygen gaa. 
vig. as. 

3cp. S3L — Light a piece of sulphur in a deflagratiiig 
* Bpnon, and auBpend the latter in a half-htre bottle full <1 
On e mminin g the contents of the bottle, after tt; 
I Bulpliur has ceased to bum, there will be found an 
I ing, Buffocating gas having the peculiar odor which if 

Biar as that of a burning match. The Iwltle is now 
BulphurouB anhydride, mixed with the nitrogen or 
present in the sir. 
A. . 



i 
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An MsiBT method of prejiaring pure iiilplLliroiiB Acid is bj 

depriving common sulphimc acid of part of ita oxygen.* Thia 
can be effected by a variety of rcJiiciiig or deoxicJlzing ajeiits. 
For Bsample, wlien conceutmted Bulphuriu acid is heatud witli 
metallic copper, there is formed a sulphato of the mutal, water 
and sulphurous ncid :^ 



Cn 4- 2 H,SOj = CuSO, + 2 H,0 + BO,. 



Certain other metals, soch as mercuiy, for example, cob be employed 
Instead of copper, the reaction beiiig pi-ecistly aiuiilar. 

124. SnlphnTDiu acid b a transparent and colorless gna. It 
is irrnspii'.ible and suffocating, and when mixed with air, eveu in 
siniill proportion, occaaiona violent coughing. It is not inflam- 
mable, but, on the contrary, it stops combustion. 

Tlic flame of a taper is immediately extinguishol on being immersed 
in snlphurons acid gas, just as it is by nilroaeii. A uatful applicalion 
of this property of the gaa is in eTtingjiisbiug burning chimneys. A 
baudful of fragments of sulphur bei^ thrown upon the hot coal* in 
the grate, and the opejiings of the fireplace being closed in such man- 
ner thai no air lihull enter the chimney, excepting that which passes 
through the fire, the chimney will quickly become filled with an 
atmosphere of solphurous acid mixed with nitrogen from the air em- 
ployed in buniing the sulphur, and the burning soot upon the wallt 
of the chimney will be immediately extinguished 

It is, of course, essential that the chimney should tbeu bo closed at 
the ^0I^ BO that air may be eicludeil and the chinmey kept full of the 
fire-extinguishing atmosphere until its walls shall have cooled to below 
kindling temperature of the aoot. 



125. Sulphurous anhTdride can readily be obtained in the 
[vid state by passing the jfiis through a U-tube immersed in a 
freezing-mixture of ice and salt. On being exposed to the air at 
ordinary temperatures, this liquid evaporates with great rapidity, 
and conseijuentiy occasions very intense cold. 

• The HitolBncBPi now flo*[gimlHi as anhydrides were formerly c«11nil aoid», s» 
RUted Id S U3. In the cs^ of BUlpbnrauB. arbecluui' nud earbuDic BntiydrldeB. tbe 
popntjir DAmes Bolphnroa?, arneDiane and carbuuic acUg have Hucb cmrencj that 
tbir will be omplored in ihle Muiual Wbere no ambiipiit; can Kite from encb nis. 
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If a quantity of the liquid be poured into water, the tempeiatme 
of which is a few d^rees above 0°, a portion will evapgrate at once, 
another portion will dissolve in the water and a third p^4ion of the 
heavy oily liquid will sink to the bottom of the vesseL^Jf^the por- 
tion which has thus subsided be stirred with a glas^ rod, it will boil 
at once, and the tenipeniture of the water will be so much reduced 
that a portion, or even the whole, of the wa^r will be frozen. 

The volumetric composition of sulplxiUPOiis anhydride is I 
volume of sulphur vapor and 2 volume of oxygen condensed to 
2 volumes of the compound gas/\Tlie gas is very readily soluble 
in water, and may be regarded as ^tombining with a portion of 
the water to form sulphurous ' ^cid, the formula of which would 
be HjSO,. The term " sulphurous acid " is, however, ordinarily 
used to denote the gas SO,. 

126. An important property of sulphurous acid is its power 
of bleaching vegetable colors. It is extensively employed in 
bleaching articles of straw, wool, silk, etc., which would be 
injured by chlorine. The bleaching may be effected by imIne^ 
sion in the aqueous solution of sulphurous acid or by exposure 
to the fumes of burning sulphur. In the latter case the articles 
to be bleached must be moistened. The dry anhydride does not 
bleach. In most cases sulphurous acid does not destroy the 
coloring matters as chlorine does, but seems to combine with 
them to form colorless compounds. These colorless compounds 
can be broken up, with restoration of color, by exposing them 
to the action of various chemical agents capable of setting foe 
sulphurous acid. 

Ezp. 53. — Bleach a red rose by hanging it in a bottle in which 
sulphur has been burned, or by holding it over burning sulphur. Im- 
merse the bleached rose in dilute sulphuric acid, dry and warm it, 
and observe that the color will re-appear. 

In the arts, the process of bleaching is usually conducted in large 
chambers, in which the slightly moistened articles are hung while sul- 
phur is burned below. The damp goods absorb the gas and gradually 
become white. A practical illustration of the restomtion of color by 
chemical agents is seen in the reproduction of the original yellow 
color of the wool when new flannel is washed. The alkali of the 
soap removes the sulphurous acid, and the color re-appears. 
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127. Snlplinrio anbydride (so,) may be prepared by tiie 
direct oxidation of snlpbnroas aohydlide. If a mixture of 
Biilphuroua anhydride nml oxj'f,'en be passed over heatpd, xerj 
finely divided platinum (]ilatinum sponge), the two yuaea unite 
to form Bnlphurto anhydride, which condenses in the cooled 
receiver. It is a white, waxlike solid, crj'stalliziiig in silky 
fibres, resembling aabtsttis. If a bit of it be thrown into water, 
the water hisses as if a hot iron had been thrust into it ; and 
the sulphuriu anhydride unites with a portion of the water with 
the evolution of great heat to form BOlphnric aoid. The solid 
anhydride has so great an attraution for wntor, that it can be 
preserved only in dry tubee sealed at the lamii, 

128. Snlphnric aoid (a,80,) is one of the most important 
products of ebemieal manuiactiue, and is made in enormous 
quantities. In the same way that tlie metal iron may be said to 
l>e the basis of all mechanical industries, sulphuric acid lies at 
the foundation of the chemical arts. By means of sulphuric 
acid, the chemist either diwctly or indirectly prepiires almost 
every thing witli which ho has commonly to deab 

129. SnlphuTio acid is made by oxidizing sulphurous ai;id. 
Tbia oxidation cannot be effected diT^ctly in any econonjiciil 
manner ; it is necpssary to use some widiring agent. 

This term oxidizing agent is applied to a Bubstance nhicli hiibit- 
ually and readily iiniiaita oxygen to other Irtwlies with which it ia 
brought in contact : on the other huml, a substance which habitually 
and readily takes ozygtu out of other substaneea with which it in 
brought in contact ia called a reducing agent.* Nitric acid, ejich as 
was prepared in Exp. 22, | -^9, is a very powerfnl oxidieinB agent, 
and sulphuric acid nii^ht be made by boiling sulphur for a long time 
ill nitric acid. Thia method would, however, not be practicable on o 
lUrge scale. Nitric acid alio oxidises Bnlphnroua acid, 

1, 64. — Cbaige a bottle, of the capacity of a litre or more, with 
hbiburous acid by burning in it a bit of sulphur. Fasten a shaving', 
\ better, a tuft of gun-cotton, upon a gloss rod or tube bent at one 
\ the form of a hook ; wet the shaving in concentrated nitric 
, and hang it in the bottle of sulphurous acid. Red fumes of 
a oildlzlDK leent and reducing leent lib oflen cmplojed in a niBch 
urn bera Implied. S«a paea UO- 
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nitragen peroiide will inunediately form about the nitiio acid, luid 
will gradaally till the hottle. The appammue of the red taw* 
(nitrogen peroxide) ebows tliut thuni lius beKii u loss of oxygeB oalhi 
pwt of the nitric acid. The reaction may It; thus written 

2 HITO. -|- BO, = H^O, -]- 2 HO^ 

In tbis case eulphiirous acid is an example of areduulng agent < 
]>!iuruus acid in the presence of much moisture caii lake oxygen G 
all the iiigher oxidea (and acids) of iiitrogen, as BSO^, H0„ A 
HNO,, aiid reduce them, all to nitric oxide, ITO. 

130. The luotiiod employed iit tho actual pre[jaration. of ^ 
phario acid upr^u the huge scale depends upon tho iact il 
tratial in tbo liiat experiictiiit. 



Pig. 29 showB, in a rough and veiy general way, the n 
which the nuiimfacture is conducted. The siilphurouB acid i^ 
liy biuTiing crude sulphur or, more unmuionly, a compound of « 
and iron, known as iron pyrites, in properly-constructed 1 
The gaa, together with a lai^ excess of atnioEpheric air, is t 
ducted into the first of a aeriea of enormous chambers, int« v 
of ateaui are constantly blowing ; thisse chambers ate 
sheet-lead, a raotal on which cold sulphuric acid baa little a 
Nitrous fumes are supplied either by allowing nitric acid to £ 
fine streams through the incoming ciirretit of sulphurons i 
air, or from the decomponition of sodium nitrate liy niea 
acid, this decomposition taking place in an iron pot healed 
burning sulphur. 

In conformity with the principles above staleil, the SO, in 
with the steam, reacts upon, the nitrons fumes ; there is formei sv 



1, vhich condenses upon the aides of tlie chamber and trickles 
11 to the floor, anil nitric oxiilit. But, aa there is present in the 
mber an excess of air, the HO inunediatelj unit«« with a portion 
he oxygen therein contaiued, and is converted into NO^ Tiiia 
, immediately reaeta upon a new portion of SO,, and the proc«as 
i goes on tluough a whole Beries of leaden chambera, the very 
11 portion of nitric acid at first taken hcing sufScient to prepare a 
e quantity of sulphuric acid. In reality, the ojcygen employed in 
rerting the eulphtirous into sulphuric acid all comes from the air, 
ipting a Ter}' liltlu at fimt : the nitrous fumes serve only as a con- 
ar oi oiygen. The NO takes oxygen from the air and transfera 
) the sulphurons acid, which ia, hy itself and unaided, incapable 
ombiuing with oxyi^en. It will, of course, be understood, tliat 
ough we trace out these reactions as if they were consecutive, 
' are really, so far as we know, simultauuous. 
heoretioally, a single portion of nitric acid would be sufficient to 
it the oottveraion of an unlimited amount of sulphuroua into Bul- 
rie acid, bnt practically this power ia qiiahfiel by a variety of cir- 
letances. It is found to be impossible, for example, to introduce 
portions of air into the nii:(turc of Eulphiirous acid and nitric 
te f<s an indefinite period ; for, at a certain point, these gases 
loaded down with nitrogen derived from the air already 
Bed, that they are as good as lost in it. In general, the flow 
Bb is so regulated that all the sulphurous acid shall he oxidized, 
m nothing hut nitric oxide and the waste nitrogen shall pass 
ihe last leaden chamber. 

!. The acid olitained in the lead ehamhers as deacrihed 
ia very diinto. It is concentrated by evaporating it, tirst 
iden pans, au'l finaUy in large glass retorts or in platinum 
nntil it has nearly the composition HflO,. 
acid thua boiled down ia the concentrated sulphuric acid, 
of vitriol, of commerce ; its specilic gravity ia usually 
1.83, that of the ahsolutely pure acid being 1.842. Bo- 
elight excess of water, it contains also, in solution, a 
quantity of lead sulphate, and a variety of other imjiuri- 
'ot most purposes, however, it will answer as well as the 
Like the latter, it is a heavy, oily, colorless and 
liquid, boiling at ahout 330°, 
At the ordinary temperature, sulphuric acid does not 
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vaporize, but, on the contrary, greedily absorbs water £rom the 
air, and so increases in bulk. In moist weather, its balk nay 
iiicrease to the extent of a quarter or more, iu the course of a 
single day, and, ])y longer exxKWure, a stiU larger quantity of 
water will bo taken up ; the acid must always be kept, there- 
forii, in tightly-stoppered bottles. 

Sulphuric acid unites with liquid water, with great eneigy, 
much heat being evolved at the moment of combination : du^ 
iiig the union a certain amount of condensation occurs, the 
mixture, when cold, occupying less space than was previously 
occui)ied by the acid and the water. The water and acid may 
be mixed in all proportions, being mutually soluble one in the 
other. 

In mixing water and sulphuric acid, the acid should always he 
poiu*ed into the water, in a fine stream, not the water into the acid,— 
the water being mednwhile stined. In this way the heavy acid has 
an oppoituuity to mix with the water as it sinks down through it 
If, by any accident, water were to fall upon sulphuric add, it would 
lloat on top of it, and gieat heat would be developed at the point of 
contact of the two liquids : if the quantities of acid and water were 
large, sudden bursts of steam would be occasioned, and serious damage 
might arise from the scattering about of portions of the acid. 

£zp. 55. — Place in a beaker glass of about 250 c c capacity^ 
30 c. c. of water ; in accordance with the directions above giveu, pour 
into the water 120 grms. of concentrated sulphuric acid, and stir the 
mixture with a narrow test-tube containing a teaspoonful of water. 
So much heat will be evolved during the union of the water and the 
acid that the water in the test-tube will boil. 

13.3. Snlphnrio acid is one of the most powerful acids 
known. When diluted with a thousand times its bulk of 
water, it is still capable of reddening blue litmus. It sets ficee 
most of the other acids from their salts, in the same way that 
w(i have seen it set free nitric acid from sodiimi nitrate in 
Exp. 22, § 59. It is intensely caustic and corrosive, and 
(juickly chars and destroys most vegetable and animal sub- 
stances. 

Baq). 56. — Into a test-glass pour a table-spoonful of sidphorie 



5 136.] SVLPUATES.- FCMISG SfU'UViHC ACID. ^H 

acid "md iinraeree in it a splinter of wood. The wood will blflcten 
aa if charred by fire, and the acid will become dark-colored. Wood 
is composed of ctLrbon, hydrogen Bud oxygen, and slnca sulphuric 
acid unites with compounda uf hydrogen and oxy;^n, rather than 
with carbon, a portion of the latter is left five ; Bome carbonaceous 
matter isi, however, dissolved by the acid and darkens iL The acid 
of commerce is often dark-colored from fragments of straw or other 
organic matter having accidentally fallen into it. 

134. Sulphates. — If the hydrogen of aulphuric acid be 
replaced by vsrioua metals, a class of bodies is formed called 
BOlpliates : thus, Na,SO, is sodium sulphate ; C^O, is calcium 
sulphate, etc. 

In the formation of the sulphates of those metals which replace 
hydn^n atom for atom {§ 74), it is not iieueaHJiry that both atoms of 
hydiogen in the sulphuric acid, HjSO,, should bo replaced. We 
may, for example, have a compound in which sodium replaces only 
one of the hydrogen atoms ; namely, HITaSO,, hydrogen sodiiun 
eulpbate. Acids like Bulphiiric acid, which have two replaceable hy- 
drogen atoms, are called bl-baalo. 

135. Fmnin^ Snlphnrio Acid. — SxUphuric acid was for- 
merly made by distilling in earthen retorts the salt now known 
as ferrous sulphate, formerly called green vitriol. Hence the 
origin of the name oil of vitriol, which, iu England and this 
country, has come to be applied solely to the common acid, 
H^O,. The acid thus obtained ie a dense fuming liquid, which 
may be regarded aa sulphuric anhydride dissolved in sulphuric 
acid. It is used principally for dissolving indigo, a certain 
quantity being still made for this purpose. 

There are other well-defined compounds of oxygen and aul- 
fdiur. They, are, however, of much less importance, and are of 
little interest in an elementary manual. 
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I 

^^^6. These elements are rare, and of little or no industrial impor- 
tance ; but to the chemist they are exceedingly interesting on account 
of the close resemblance they bear to snlphur. The three elements 
ai)li[l|ifr^ Sjiluiiium and telluriuni, constitute a j^onp which is equally 
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Maarkahle with that formed bj chlorine, bccni 
S97.) 

137. SalmiiTim is neref found m sny considerable quantitj- ii 
e plaoe. Tnwea of it occur in many varieties of native sulphur 

ftnd in various roetaUic snlphidea. In its properties and in its chemi- 
cal Uehflvior, Belenium reseoiblea arilphur in many reepeet«, wbile, in 
others, it is like l«lliirium. LJke Bulphur and oxygen, it o 
difltinct allotioplc mcxlificationB (§§ 101, 114); it forma with, hy- 
drogen a compouud, hydrogen seleuide (H,Se), reswubling Lydrogen 
sulphide ; it tbmis an add, selunic acid (H,BeO,), teBenibling sul' 
phiiriu iicid. There are selenates poseesaiiig cbarjii:ter3 eimilar to "to 
sulphates, and crystallizing in the same form ; and, according 16 s 
principle illustrated by tbe cblorine group, seleiiium, which has tiie 
higher atomic height (T9.6), is a weaker chemical agent than snlphiii 
(32). 

138. ToUuilnin occurs in nature even more rarely than selenium ; 
Bomelimos it is found in the free state, but more generally in combba- 
lion with the heavy metals, such as gold, silver, lead, copper ai 
bismuth. Tellurium is of a silver-white color and glittering mefallis 
luatre. In many of its physical characters it would seem to be allied 
to certain nietala, but its chemical properties place 
group with sulphur and selenium. It forms compounds with hydrogen, 
oxygen and with other elements which resemble the correapondii^ 
sulphur compounds. Its atomic weight is 

Tbe elements sulphur, selenium and tellurium in tbeir chemicsl 
properties are closely allied to oxygen. Attention has already been 
called to tbe resemblance of the compounds of selenium and tellttrituB 
to those of anlpbur. The fonuuliB of a few of these compounds an 
here given to bring the matter more clearly before the eye. 
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CHAPTER XL 
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! 139, A comparison of tlie formulEe representing the TOlomet- 
I oompoiltion of atl tlie well-ilefined compound gases Slid 
i whith have been thua far studied, will bring into clear 
some of the general facts relating to combination hj 

f It has been established, by experiment, that the following 
mpounds are formed by the chemical union, without conden- 
ddon, of equal volumes of the two elements which enter into 
■ eacli compound : — 



drogen , Chlorine 
■vol. + 1 vol. 


_ Chlorhydrio Acid 
2 vols. 


irogea ^ Broitiioe 
vol. "•" 1 vol. 


_ Bromhydric Add 
a vols. 


drogen Iodine 


Jodahydric Acid 
- a vols. 


roROT Oxygca 
WL ^ I vol. 


Nitric Slide 
~ 2 voIb. 



It has further been foond that the following compounds of 
■ two elements contain two volumes of one element and one 
_ volume of the other, but that these three volunies are condensed 
[ng the act of combination into two volumes : — 






2 vols. 
HjdroRen Sulphifli 



Kltrogen Peroxide 



muoma 
Bnlphnr 



To this Ibt must be added hydrogen selenide (BJBe), hydro- 
gen telluride {H,Te), selenioua anhydride (SeO,) and telluroua 
anhydride (TeOj. 



PRODVCT-VOLTTME. 

Lastly, BtUI a third mode of combination by vohime n 
condensation of four Tolumes to two ocetirs in the two followi 








In all these cases, the nnit-TDlume ia, of course, the 
for every element and compound ; what the absolute bulk of 
thia unit-volume may be, is not an oasentia! point, for the wla- 
tions remain the same, whatever the unit of measore. TtiW 
condensatioil-TatioB are thus exhibited : first, a condenEatiuii 
of ; second, one of J ; and third, one of J. The epaoe omu- 
pied by the compouitd molecule is, in each case, exactly twice 
the unit-volume. 

The examples jnst given, although including all the com- 
pounds which we have yet studied, are only very few compared 
with the vast number of gaseims compounds which Lave been 
investigated, and where the same tiling has been found to hold 
true. Two Tolmnee of a compound gas invariabiy leraJt 
from the clieuiical combination of one volume of hydrogen with 
one volume of chlorine, of two volumes of hydrogen with ona 
volume of oxygen, of three volumes of hydi-ogen with one vol- 
ume of nitrogen, and so on. This doubled volume is often 
called the normal or piodnot-Tolume of a (compound gas. 

If, in considering the compounds already mentioned in tiiit 
chapter, we choose for our unit-volume the space occupied bj 
the atom of hydrogen in the molecule of chlorhydrio acid {i. *t 
in other words, the volume of the atom of hydrogen when not 
under condensation), we shall be led to very important theor* 
ical results. For then our product volume will be in each rase 
the sijace occupied by the moleoide of the compound gns, and 
we sliall be led to the conclusion that the space occupied by» 
single molecule of each of these gaseous comi'ounds is the aaoMi 
This is, indeed, believed to be true in tlio case of all 
molecules. In organic chemistry a great multitude of 
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ds, many of them very complicated, have been iiiveetigated, 
he saaiu law Lns bet-E found to hold good. Tlio moleculo 
£. every compound iu the gaseous state occupied a volume twice 
as that occupied by the atom of hydrogen. 
!, then, the molecule of a. comjiound gas or vapor occupies 
i of these unit volumes, and the sfiecific gravity of a gas or 
Viipur is the weight of one onitvoluujc of that gas or vapor aa 
eomiiared with the weight of the sania volume of hydrogen, it is 
sbvioua that the si>w;itio gravity of the gas or vapor may be found 
from the molecular weight by dividing the latter by two. The 
specific gravily of a compoitiui ga» or vopor is, Ihtrefort, one-half 
its molecular weight, 

140. Molecular condition of elementary gases.— There are 
certain physiod laws in regard to compresaibilicy and expansion which. 
govern all gases, and which are best explained by the hypothesis, 
Ufiually spoken of as the Law of Ampite, — that eqval tdumts ofaU 
goM*, ximple oi well at compound, under like eondiiioTt^ of temperature 
and pre»sure, eontaia the lame nuniAer of moUcuiei. Starting with this 
hypothesis, let ua ini^uire what infereiicex we can draw with regard to 
the molecular condition of the elementary gases when in the free Btate. 
Suppose, then, we take any volume of hydrogen, the volume occupied 
by 1000 molecules, for example : an equal volume of chlorine will 
contain the same uumber of molecules. If the two gases be mixed and 
exposed to dilfiised sunlight tliey will combine without condensation 
to form chlurhydtic acid. We shall then have two volumes of thlor- 
hydric acid. According to the assumption just made that equal vol- 
umes of all gasea contain the same number of molecules, each of these 
two volumes will contain ICXX) molecules of the acid and the twu 
volumes will contain SOOO molecules. Each molecule of the acid 
contains one atom of hydrogen and one atom of chlorine, hence in the 
two volumes of chlorhytkic acid we shall have 2000 atoms of hydro- 
gen and 2000 atoms ol' chlorine. These 2000 atoms of hydrogen (or 
chlorine) came from the one volume of the gas which we supposed In 
contain 1000 molecules ; therefore, this volume contoined at the same 
time liXW moleenles and 2000 atoms : hence each molecule must be 
made up of two atoms. It is dear that this train of reaGoniug is in- 
dependent of the portieidar immerical value assimieil as the immber 
<>f moleo^tea in the two volumes of chlorhydiic acid. If, thercl'ure, 
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the molecule of chlorLj-ilric aciJ ia represented by the formula HCl 
uul the diagram, — 



there ia good reaaon to assign to pu hydrogen and /rea chlorine the 
I'onuulfe HH and ClCl, or (H, and CI,), and to repieseat the cod- 
Btitutioii of aU unuomhiiied gases by such diagrams as 



H+Hi 



Upon these models the molecnlar fornmlEe of most of the elcmenta 
irith which we have become acquainted might readily be written. It 
is only in a _/ree state that the elementary gases and vapors are thiu 
conceived to ejust ss molecules ; when they enter into combinatioa, it 
is by atoms rather tlutn by molecules. Au atom of hydrogen unites 
with an atom of chlorine ; tliree atoms of hydrc^eu combine with oni 

We may study the molecular condition of the elementary gssa 
from another point of view. If the Law of Ampere be, aa it ia be- 
lieved to be, tme of gimpie as well as of compound gases, it nill \» 
true that the vapor denaity (ot the epeciflo gravity of the sub- 
stance in the state of gas) is one-half the molecnlar weight, and, 
vice versa, that the molecular weight ia twice the vapor density. It, 
DOW, the specifio gravity of hydrogen be one, its molecular wei^ 
must be 2 X 1 = 2. If the molecule weigh 2 and the atom wdgh 
1, the unit of weight being the snme in both cases, the molecnla 
must contain 2 atoms. The same reasoning will hold in the csseot 
the elementary gases, oxygen, chlorine, and nitri^n, also in t 
of the elementary stibatances, bromine, iodine, sidphur, wl 
tellurium, sodium and potassium, which are not gases under o 
atmospheric conditions, but which can be converted into gas 
higher temperature. As, for example, 
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Of all the other elenientaiy substances, four, namety, ataenle, 
phosphorus, mercury and cailmium, have beuu coaverteJ into vapor, 
and the specific gravity of thdr vapota detemiiued. If ve opply the 
tSiae reoBoning to them \i6 find that the molecules of otaenic and 
phosphorus contain each four atoma, while the molecules of mercury 
and cadmiuni contain each a single atom only. It is probable tbftt 
nnc should be classed with mercniy aud cadmium. 

TworDenritr. MolecWt. Atomic Wl. ^\£r,"X 



Cd 66 112 112 I 

If ttiiB view of the molecular atructnre of free elementary gaae§ 
a&d vapora be correct, perfect consistency would require that no 
equation ahonld ever be written in such a manner as to represent 
less than a single molecule of an element in a fi'ee Ftate as 
either entering into or issuing from a chemiiuil reaction. Thus, in- 
stead of 2 H + O = H,0, K + 3 H =N H,, HCl + Na = 
ITaCI + H. it would be net'essary to write 2 H, + O, = 2 H,0, 
K, .«- 3 H, = 2 NH,. 2 HCl + Na^ = 2 TtaCl + H,. 

We have not heretofore confiuiueii to this tbi^tii-etical rule, and do 
not propose to in the succeeding pages, and this for two reasons : fiiut 
because many equations, reprcfienting chemical reactions, must be 
multiplied by two, in order to bring them into conformity with this 
hypothesis concerning molecular sirntture ; the ei|uations are thus 
rendfired unduly complex; — secondly, because, iu undertaking to 
make chemical equations express the molecular constitution of ele- 
ments and ccaopounds, a^ well as (he equality of the atomic weights 
oa each aide of the si^'n of equality, there is imminent danger of tak- 
Uig the student away from the sure ground of fact and experimental 
demonstration, into an unL'ertnin region of Lypotheees based only on 
(lufmitions and analogies ; — thirdly, hecaosa we are ignorant (>f even 
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tile probable molecuUr btiiiIioI of most of Uie elementi^ Of oil lb 
deniciitary substances Tei:ngiiized, wg hnve nuaon. to believe tlul 
eleven, when in the gaseoua state, are made up nf molecules conlaia- 
ing eneh two iitoiiis, that two contain four atoms, and that three tiJii- 
taiti only a, single atom to the molecule. Of tLe molecular atruclon 
of the temaininjj elements, numbering three-fourths of the wholt^ vt, 
at precent, know nothing. 

141. Toluroetilc inteipretatioii of STmbola, — Thia imporbnil 
latter forms the subject of \ &17, page 391, but it should be sUJied 
jBpart of the present chiipter, aa should also § 618, page 292. 



CHAPTER Xn. 
PHOSFKOBVS (F). 

1 42. PhoBphomB occuii) somewhat abundantly and yerj 
widely diflused in nature. It ia never found in the free state, 
bnt almost always in combination with oxygen and some ona 
of the metals. The most abundant of its compounds is CftldlOll 
phosphate, whicli occurs as a native ndneral and which alaff' 
forms the mass of the mineral constituent of the bones of 
animals. The small amount of phosphorus present in Ihs 
soil is collected by the giiDwing plants ; the herbivorous a 
in their turn consume the phosphonis which has been accoBMfc 
lated by the plants, and from the bones of animala ( 
and manufacturera derive the phosphorua of which they d 

143. FhcBphoTQS, when perfectly pure, is a tianspar^ 
colorless, wax-like solid of 1.8 specific gravity, which, " 
freshly cut, emits an odor like garlic, though under ordini^ 
conditions this odor is overpowered by the odor of ( 
which, as has been previously stated {J 103), is develop^ 
when phosphorus is exposed to the air. It unites vrith oxyg 
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rentUly, even at tlia ordinary temperntnre of the air, and with 
great enert,y at somewhat higher teniperatureB (above GO') ; 
when in contact with air, it is all the wliUe undergoing slow 
coiubuatiun. 

If the tempemture of the alowly-biinmig phosphorus be 
slightly increased in any way, the mass will buret into flame 
and bo rapidly consumed. On acwiint of this extreme in- 
flammabilily, phosphorus must always be kept under water : 
it is best also to cut it under water, lest it become heated to 
the tindling-point by the warmth of the hand, or by friction 
against the knife ; for, when once on fire, it is exceedingly 
diifienlt to extinguish it, and in case it hapi)en3 to burn upon 
the fleah, paiuM wounds are inflicted, whieh are very lUffifuIt 
to heal. 

On account of thi» easy inflammability by friction, phoaphoma 
is extensively employed for making matches, The matter U]Hm the 
end of an ordinary friction-match usually contains a little phosphorus 
t^^ether with some substance capable of supplying oxygen, such as 
red-lead, black oxide of manganese, saltpetre or potassium chlorate. 
The phosphorus and the oxidizing agent arc kneaded iui^ a paste 
made of gtne or gum, and the wooden match'Sticks, the ends of which 
have previously been dipped in melted sulphur, are touched to the 
surface of the phoaphorized paste, so that the sulphured points shall 
receive a. coating of it. The sulphur serves merely as a kindling 
jnateriftl, which, as it were, passes along the fire fixim the phosphorus 
to the wood. By rubbing the dried, coated point of the match against 
a rough surface, heat enough is developed to bring about chenncal 
action between the phosphorus and the oxygen of the other ingre- 
~9ieuti combustion eiiaues, the sulphur becomes hot enough to take on 
n from the air, and finally the wood is involved in the play of 
^eniicid force. 

J. 57, — Put a piece of phosphorus as big as a grain of 
Ae&t upon a piece of filter-paper, and sprinkle over it uonie lain]>- 
r powdered bone-black. The phosphorus will melt after a 
e and will finally take fire. Aa stated above, phosphorus when 
1 ta the air ia ail the time undei^uing slow combustion ; this 
is attended by evolution of heat. Both the lampblack and the 
ir afe bad conductors of heat, aud serve to prevent the phosphoruB 
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from losing that developed by the oxidation. Moreover, 3 
explainal mora fully hereufter under curbon, the vapor ol' phospiiiAat 
wbict rises cootiuiiully is aWrbed liy or draped into the poies of ^ 
bone-blouk and brought into intimate contact witk oxygen whictjj 
or has been absorbed from the air. Cheioical action e 
tho phoajihorus vapor and the oxygen gaa, nnd as the heat whidi II 
generated U retained, the phosphoruH ultimately takes flrc 

Hi. At the (jrdlnary temperature of the air, and stiU i 
ut HOiuewluit higher temperatures, phosphorus shiaes with J 
greeniah- white light, aa may be seen by placing the phosphorw 
iit the dark; bence the name, plioaphorus, from Greek words 
fiigiiiiyiiig light-bearing. This ptaisphorescetioe is seen when ai 
ordinary I'riction-mutch is rubbed against any surface in a dai^ 

145. In warm weather phoaphonu is soft and somewhat f1 
bio, and may then be bent without breaking. It melts at 44' 
ibmnng a viscid oily h<|uid, which boils at about 290° and I 
oonvorlisd into colorleaa vapor, Phosphorus can readily be i 
tilled in a retort filled with some inert gaa, like hydn^en, nitr 
gen or carboruo acid. "When heated to about 230°, out of o 
tttut with the air, phosphorus is eonvertiwl into an aJlotrn^ 
modification known as red pbosphonu. 

Phosphorus ia insolublo in water, but is somewhat soluble i 
etlier, petroleum, benzol, oil of turpentine and othM' oils : it ai 
dissolves abundantly in carbon bisulphida 

If a solution of pboaphorua in carbon bisulphide be poured ape 
sheet of tilter-paper, the carbon biaidphide will soon ev.tporate, Imi 
the phosphorus in a very finely divided Htate. The phosphonu bq 
immediately to o&idize, and, as the paper is a bad conductor of h 
it presently will burst into flame. The paper, however, ia not o 
pletely consumed, but a very considerable residue of carbon temi 
uuburned. This depends upon the fact that the product of the a 
bustion of the phosphorus, quickly covers the paper with a van 
which is not only incombustible in itself, but is quite impervioos 

I4G. Bed PhoBphorna. — This remarkable aUotropic mot 
L of phosphorus is r bodf aa unlike ordinary phosphc 
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i roost respects as oould well be conceived. lb ia of a sc&rlet- 
t color, has neither odor nor taste, is not poisonous so tar 
is known, is not phosphorescent, does not take fire at 
irdinuy temperaturea, ia insoluble in bisulphiiie of carbon, 
1 general behaves altogether differently from the ordinary 
(nodification. It is easy, however, to convert one variety into 
other. If ordinary phosphorus be heated to 230° out 
f contact of the air, tho red variety ia fonued : if this be 
Seated still further to 260°, it changes back into the ordinary 
fariety. 

Zlxp. 5B. — In a narrow gla^ tube, No. fi, about 30 c m. long 
ihd closed at one end, place a quantity of red phoBphonie as large is 
maU pea ; heat the phosphorus gently over the gna-lunp and note 
,t a sublimate of a light-colored substance ia quickly deposited upon 
' cold walls of the tnbe a short distance above the heat«d portion. 
is light-colored sublimate ia ordinary phosphorus, as may be shown 
1 cutting off the tube just below the sublimate, after the glass has 
1 allowed to cool, and then scratching the coating with a piece 
vire ; the coating will take fire. The air in the narrow tube em- 
toyed ia deprived of its oiygen by the combustion of a small portion 
f the phosphorus at the moment of its transfoi-mation from the red 
fthe ordinary condition ; the remaining phosphorus ia thus enveloped 
t nitrogen, and so protected irom further loss. 
' Red phosphorus is employed, to a certain estent, as an adjunct to 
e BO-caHed aa,fety-maU3iu. Such matches contain no phosphorus in 
hemselvea, and will not take fire readily by friction upon nn ordinary 
igh surface, though they burst into flame at once when rubbed uimn 
irface specially prepared with red phosphorus. The matter upon 
e Hps of safety-matches is nsually a mixture of potassium chlorate 
3 antimony sulphide, made into a paste by means of glue : the sui- 
B upon which the match is to be rubbed is composed of red pbos- 
i, black oxide of manganese and glue. In favor of the use of 
L phosphorus for matches are the facts, that, unlike ordinaiy pboB- 
ioros, it ia not deleterious to the workmen who have to deal with it, 

■ji far less liable to be set on fire by accidental friction. 
147. Phosphoma combines readDy with many other elements 
fiidea oxygen. The orJinnry modification of phoaphnrns com- 
Des violently with suljihur at temperaturea near the melting- 
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point of auJphtir, tLe act of coiobhmtioa being attended with 
vivid combustion and loud explosion- WitJi chlorine, bromine 
and iodine, ordinary phosphorus unites directly at the ordinuj 
temperature of tlip air, Iho wjmbination being rapid and attende! 
with iuflammation. Pboaphonis unites diiectly with most ai 
the metals forming phoaphidea. 

148. ComponndB of Phosphonu and Hydrog^L — There 
three coiu["jiiiiJb of phosphorus and hydrogen ; of which, 
ordijiary temperatures, one is gaseous, H^, one liquid, E 
and one solid, HP,. The gaseous compound, or rather 
gaseous compound dialled with the vapor of the Ib^uid a 
pound, is somewhat interegting, from the fact that it takti 
fire spontaneously, immediately on coming into contact wiQ 
the air. 

Bzp. 59. — In B thin-bottomed flask of about 140 c c capoc 
put 1 grm. of phonphoros and 115 e. C of hydrate of aodii 
obtained by diatiolving 40 gims. of commou caustic aoda in 1 
c. c of water. Pour two or three drops of ether upon the liquid 
the neck of the flask, then close the flask with a cork carrying u 1( 
delivery-tube of glass, No. 6. Place the flask over the gas-lamp, u{ 
the wire-gauze ring of the ii'on stand, and immerse the end of ' 
delivery-tube in the water-pan, then gently heat the flask. The elJ 
is adJ«l to the contents of the flask, in order that the last traces 

r may be expelled from the flask by the vapor whiuh 



this liighly volatile li(j^iiid 
F1k< 30. 



la it is warmed. 



As the sodoreolni 
becomes hot, small I 
bles of gas will be i 
to arise from kbe 
fitce of the phospbc 
and in u short 1 
Lirge bubbles of gas 
escupe from the At 
ery-tube : euchoftl 
bubbles, as it cornea 
contact with the m 
the surface of the w 
will spontaneously buiat into flame, and burn with a vivid light 




2 H^ + 8 O = 2 H^O,. 
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the lormatioa of beautiful rings of white smoke, if the nir be not dis- 
turlxid by diviu^rhta. In huming, the hydtogen phospMde ia imju- 
verted iiitii phospboric acid, and of tklu piudutt the wliiu smoke 
B£ of coutsu, uojiipusud. 

The atomic weight of phospliorua is 31 ; the Bpeoiiic gravity of its 
vapor has been found to be 62.1. In tlib resjiect pliosphoms itiffcrs 
from the elements alreEdy atadied where the couiliining weighta iind 
the untt-volnine weights have been identical ; it follows that, if the 
molecule of hydrogen uonlains two atoms ot hydrogen, the molecule 
of phosphorus wiU iiontaiu four atoms of phosphorus (p, 01). If we 
compare the formula of bjilrogen phosphide, H^ (§ 148), with thnt 
of ammonia, Mft, we have the atom of phosphoru.^ which weighs 31, 
combining with the same tpiantity of hydrogen by weight as the atom 
of nitrogen ; but while from twn volumes of ammonia-giiB we may 



Bet free three voluuies of hydtojen 



1 



>ne volume of nitrogen, from 
two volumes of hyiirogen 
phosphide we have three vol- 
umes of hydrogen and only 
half a volume of phosphorus 
vapor. The compoBidon of 
hydrogen phosphide may 
thiiH be represented hy the 
accompanying diagram. 



149. Oxides of Phosphoms. — There are three oxides of 
phosphorus nnswering to the fomiulK P^O. PjOj, P,Oj. 

Hypophosphorona Anhydride (P,0). — It is doubtful whether 
tills (isiile has litflji isobiicd. Tlie corresponding acid, however, 
H^O, (3 HjO, P,0 = 2 H^Oj), is known, as are also the corre- 
)>pon<litig salts, the hypophoephitea of certain metals : the hypi>- 
phosphite of barium, for iiiBlniice, is Ba H^[0,. 

PhoBphorauH Anhydride (P,Oj) is formed by hnniing phoB- 
phoriia with a limited supply of air. It is a white amorphouB mb- 
st-ince, very soluble in water, and burning in the air to phosphoric 
anhydride {P,Os). The corresponding acid is H^POj (3 HjO, P,OJ 
and, the corresponding salts are willed phosphites. 



OXIliE.S Of PEOSPHORUS. [j ],-,.|. 

IBO. PhoBphorio Anhydride (p,0,). — This oxide of pho* 
phoruH is the product of the rapid combuatian of phosphorua id 
Ml excess of air or oxyyeii. 

Exp. 60. — D17 thoruugldy a large porcelain plate, a smaU pfflce- 

luiii iMpsule and u wide- mouthed bottle of two litrea' lApacitj, I9 

Fie- 31. warming thum ot a fire j place the capsule upop 

^^^j the plaU and put in the uapsulu a bit of dij 

K^H phoijphorus, of the weight of about half i 

l^^l gnuume ;. light the phoHpliorua and cover it M 

^^^1 once with the inverted bottle. The phospiiow 

^^^^^^^^^^ nnhydriile, fomieil by the combustiou of tin 

^H^^^^^^^E phosphorus, will he depoaiti:^ as, a, white [nIW- 

^^■j^fl^^H der, like flakes of enow, apon the eides of thi 

^^9^^SBf^^ bottle, and much of it will iall down upon thf 

plate below. 

The flocculent, amorphous, odorless powder, thus obtaiDiJ|| 
unites with water with remarkable facility ; if it be left in tl«(i 
ftir for a few minutes, it deliquesces completely ; upon builg. 
thrown into water, it disBolTea with a hissing noise and dfr 
velopment of much heat. In order to preserve it, it must W 
placed in a dry tube, and the tube closed by sealing it in & 
lamp. 

l.^l. Fhosphoiio Acid. — By the union of phosphoric anhf 
drlde with water, there iire formed threi? distinct acids : met*' 
phosphoric acid (hpo,), pyro-phosphorio acid (h,p,o,) anS 
ordinary or tribasic photphoric acid (H^o,). Corresjiondii^ 
to these tliTce varieties of i)hosjihoric aoid, there are thxeo seria 
of phosphates, the meta-phociphatesi the pyro-phospbates and the 
(odiimry pbosfdiates. 

Tte number of possible phosphates is ranch inoreaaod from tie 
fiict that wliile meta-phosphorio acid (HPO,), like nitric ncid, fe 
modobaslc, pyro-phosphoric acid (H,P,0,) ia tetrabaslo, i.e., ^ 
four repl.iceable ntoms of hydrngeii, and the ordiiiarj- pliosphorie 
(H^O.) is tribaalo. (See § l.W.) 

152. EmplrlcBl and Rationsl Foimnlce. — It has already 
stated that when phiispboric anhydride is thrown into wal«r, 
unites with a portion of the water to form phofiphoric at 
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1 may lie Uius syniboliMd : P,0, -\- H,0 = H,0, P,0, = 
H^.O, = 2 HPO, (nieW-jihusplioric add). U ILb aiiliydri.k- lie 
thn iwu iDtu !iut wuler, ihe rwictii.ii is P.O. -f 3 H,0 = 3 H,0, P.O. 
= H^,Oj = 2 H^O, (onliuai'v iilioaplmiii; uciil). U'f iii[iy iTp- 
I'etHTiit iiLi_'Ul-]^<hua^Jti)iic aciii by iLe I'liniiuk H,0, P,0, iir by HPO, ; 
we luny nuireseut ordinary phosjihoriu aiiiil liy 3 H,0, P,0, nr liy 
H^Of : ill lht!K cosea we have twu fomiuliB to danotn one and the 
game Bubfttaiice. If onJinsiy phoi^borii! auid were anBlyasl, it would j 
be fount! to contain, for every three parts by weight of hydro-^'en, W' 
thirty -one parts of pbosphunw and sisty-four (4 X 16) parts of oxy- ' ' 
gen- The result of the analysis wi»u!d be expres»d most simply by 
the foniiula H^O,. 

A formula which pimply represents tlie number of atfiina of each 
element in one molecule of any subatanee, us determined by auulysiK, 
ia called an empirical formula. The truth of auch a furmuU de- 
jienda solely upon tlie correct jjerfomiance of the onalyticnl procesa, 
and upon the accuracy with which the atomic weights have beea 
determined. Concerning such formulae, there ts little room for dif- 
ference of opinion ; they exprew nil that we actually hiow of the 
elementary tompusitiow of any compound body. Chemista have, 
however, endeavored to contrive formulcB which should eiprem 
flomething more than the mere elementaiy compositiun by weight ; 
which should recall the materials from which the formulated sub- 
stance was made, and prophesy the products of its decomposition ; 
which should not only name and number the atoms of the sub- 
stance, but should also suggest such a grouping or arrangement of 
those atoms as might serve to interpret its known reactions. Such 
formuUe are called rational Inntmlo}. In the present case 3 H,tt 
P,0, is a rational formula of phosphoiie acid. It recalls the tact 
that the acid can be made by causing phosphoric anhydride to unite 
wj tb water. 
I^t ifl not altogether a matter of indifference whether phospborie 
Hh be written 3 H,0. P,0, or H^O, ; for in one care the weight 
^Vue molecide would be 196 ruid in the other 98. If it were possible 
^B obtain this compound in the state of vapor, and the vapor could be 
weighed, the weight of the molecule could be found (§ 139) by multi- 
plying the vapor density by two. It ia usual to nyard the Bhorter 
inula as representing the molecHle. The same difficulty occurs in 
E of other conipoiuids, nitric acid, for instiince ; the molecule 
^itric add may be H,0, H,0, = 126 or HUO, = 63- In aomo 
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e convenient to employ oae fonnulu, and in (itbs 
reactions the other formula. 

It is evident that there may be various ratioiial formulee fia 
the same aubsUtuce : in fact, for acetic aoid, a conij^iouiid ot cajboii, 
oxygen and hydrogen to be ileecribed in a Habsequtint chaptei 
fewer than nineteen fonnulra luive been proposed. 

1&3. All the acida (except thoae formed by the union of hydtogtfl 
with members of the chlurine group) and the corresponding salU nuf 
be written in u. manner aiiullAT to that employed i» the cose of pboi- 
phoric acid 3H,0, F,0, : thus, — nitric add, H,0, H,0, ; uxhun 
nitrate, Na,0, N,0, \ potui^eRum sulphate, K,0, SO^ Such fl» 
niulce are colled dnallatic, because they represent these bodiei K 
of a dual nature, — aa being made up of two oxideB which were 
tinct before they were brought together to form the compound, u4 
will be diatiuct when separately eitracted from it : in a dualialic fop 
mula these two distinct parts are conveniionaLly represented aa 
some separate existence within the compound itself. The supp 
is not unnatural : thus, for example, common plaster of Paris is 
stance containing the metal calcium and the elements siilphi 
oxygen in the proportions by weight which ore correctly expressed Ij, 
the formula CaSO, ; but this substance may be made by 
which suggest another formula. If we put together quickliuie, CoCb 
and Hulphutic atdiydride, 50„ in due proportions, under sniul^ 
conditions, plaster of Paris, or, as its chemical name is, calcium mil 
phate, results : CaO + SO, = CaO, SOj ; or if i 
lime, CaO, H,0, ivith sulphurio aeid, HjO, SO,, in proper pi 
tions, at a suitable temperature, we shall nguin obtain calcium 
]ihate, and water will be eliminated ; CaO, H,0 -}- H,0, BO, 
CaO, BO, -f 2 H,0. 

154. Another way of writing chemical formulffi iJ 
M'ith the doctrine of types. Aecordinjj to this doctrine, eveiy p( 
Bible chemical combination may be imagined to be built upon t 
plan, or framed upon the type or model, of some one of three 9k 
stances, ehlorhydric acid (or free hydrogen), water and ammeAl 
These substances must be regarded as types only with referenue 
tlie supposed grouping of atoms in the corapounda ; the cxten 
properties of various aubatancea referred to the same type may,1 
totally different. Examples of compounds roferrwl to the 
types are : — 



TYPICAL FORMULA.- RADICALS. 



Mtthjlauii 



hulrulB. 
(CHJj 



"It ■will be noticed in these examples that the hydrogen of the type 

Lay be I'eplacetl, not un!y hy a single demtnt, hut also hy a. group of 

elements. Siii;h groups of elementary atoms are calle.! compound 

radiottlB, sud, like tie elementary atoms themselve*, differ in Hieir 

replacing power, some being wmaknl, tome MsalaU, et«. 

The tTpioal fon&ula of some substances ia written by regain- 
ing the subettLuce as built uputi the type of tlie double molectUe of 
the typical compound : other eubattmces are regarded as built uj>on a 
mixed type. The following examples will serve to illustrate a few of 



TTpe. 



BnlphmlD 



fei". 


(Ba) 




(CO)- 


Typt 


Bulpliu 



=?.°'M°. 



iCMy"i_Q 



i ia often convenient to mark the fact that an elementary atom 

#K radical ia bivalent or trivalent by the use of the jiroirer nuniW 

of accents placed at the right hand of the symbol, as haa been done 

ilt these examples. 

Theae typical formulnwill be ibnnd eepecially useful in tha conaid- 
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enttion of the compounds of carbon ; it ia, however, to be diatinctlj 
remembcreJ that a rational formiila ia never to be regarded as the 
expi'essiou of lui absolute truth, but only as a guide in elasaiflcaljon, 
aa aid to the meiuory and a hulp in instruction ; while the empirical 
fonnula txpresBea all that is actnally kaowa of the composition of 
any given body. 



CHAPTEK XLIL 
AEBEBIC, AHTIMONT USD BIBMnTH, 



155. In small quantity areenic is very widely distributed in 
nature. It is sometimea found free in the metallic state, but 
generally in combination with oxygen or sulphur and some one 
of the metals, such as iron, cobalt, nickel and copper. 

156, Arsenic ia a brittle solid of a steel-gray color and 
metallic lustre. At a dull red heat it may be converted into a 
vapor which has a peculiar gariio odor. Heated in the air or 
in oxygen, aracnic bums with a wliitish flame producing the 
white arsenic teroxide {arsenions anhydride). Arsenic com- 
binos readily with chlorine, bromine, iodine and sulphur; it 
also unites by fusion with most metala, forming alloys, which 
the arsenic tends to make hard or brittle. In the njanufactnn 
of shot, a little arsenic is added to the lead to facilitate the for 
mation of refjular globules. 

The symbol of arsenic is As ; its atomic weight is 76. Like 
phosphoms, the specific grarity of its vapor is double its atomifr 
weigjit, and consequently its molecular symbol is Ai,. 

157. Hydi<^en arsenide or arseninretted hydrogen (h,Ai) 
is a colorless gas, having a fetid odor ; even when very mncb 
diluted with air, it is intensely poisonous, and fatal resuIB 
have repeatedly followed its accidental iuliaktion. Tlie ga* 
may be prepared in aa impure state mixed with hydrogen bj 
introducing a solution of some compound of arsenic into t. 
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generator in which hydrogen is being prodaced ixmn 
dUiite acid. 

Hydrogen anenide burns in tlic air with a -whitish flame, 
forming water and a white smoke of arsenioOB anhydride ; 
but if a cold body, like a piece of porceliiin, for exami'Ie, l>e 
introduced into a jet of the burning gas, the hydpigen alfuin 
will bum, and the arsenic will bo deposited in the njetoUic 
state upon the porcelain surface, forming a lustrous blouk spot. 
This effect is precisely similar to the deposition of soot on a 
cold body held in the flame ^'*- 3«- 

of a. candle. The gas is also 9 / \ ^ 

decomposed when caused to f—^^'^^^ffiB^B" 

pass thiMUgli tubes heated 
to dull redness, metallic 
arsenic being deposited at 
a brown or blackiBh mirror, 
while liydrogen gas escapes. 
These properties of hydro- 
gen arsenide aje made use of in testing for the presence of 
arsenic in cases of suspected poisoning. 

158. Componnda of Arsenic and Oxygen. ^ There are two 
well-defined oxides of areenic, — arsenionfi anhydride (A«,0,) 
and arsenic anhydride (Aa,o,). 

159. ArBenioos anhydride (As,0^ often called arn^ioua 
acid, or while arsenic, is formed when metaUie ai-senic or arseni- 
cal ores are heated in the air. It ordinarily occurs in small 
octahedral crystals. When heated with free access of air, it 
volatilizes without change : if heated in contact with carbon, it 
gives up its oxygen, and metallic arsenic is liberated. Ataenioua 
anhydride is somewhat soluble in water : it dissolves readily in 

^f^ chlorhydric acid ; but, when the solution cools, most of the 

^■Huious anhydride is deposited unchanged. 

^^^tep. 61. — Place a few particles of " arsenious aciU " ♦ in lui open 

* The snbatances now deelgnnleii a* anliydridBI were fnrmerly culled uiidl 
as Mnted In S M- I" 'he case of enlphnrnui', arsenEDna and carbonic Hnlijdrldiw, 
the populnr tmine: sulpliurotw. arfetiiouK and carbonic acld> have fucIi currency 
Okt ihey will be employed in thli Manual where no BmblRuits ewv irtwi temQ 
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tube of liard glou {Ko. 6) about 10 c. in. long, nnd heat 
lamp, holdiug ihe tube in a alopiug poBition : the white soliJ. will M 
vuiiitilizecl, but it will iniiae<liatel7 be deposited again upon the ooU 
jmrt of the tube. By tlie aid of a. leas, thiB deposit may be 
be cryilalliiie. 

«K.83. Exp. 62. — Drop into the poirf 

of a drawn-out tube of bard glasa* 
No. 5, a morael of arneniouB acid, uA 
above it place a splinter of ehaiwd 
(Fig. 33) ; heat the coal red-Lot ia 
the fliuiie of the l&mp, and then volft' 
tilize tbe &raenious acid, 
will give its oxygen to the coal, and 
the aretoic will be depoaited 
1 the cold part of the tube, presenting a briUiaut metallic appair- 

Exp, 63. — Throw a particle of araeniouB acid upon a piece of 
red-hot charcoal ; the acid will be partly reduced, and the peculitf 
garlic odor of the vapor of metallic arsenic will be perceived. 

lliO. AtBeniOTU acid \s a violent poison, all the more dan- 
gerous, because it has neither taate nor odor to warn the victim 
of its presence : two decigrammes of it will cause death. Aff 
the soluble salts of arsenious acid are likewise horribly poisoft-'' 
ouH. The beat antidote to the poison is a mixture of mois^ 
frPshiy precipitated iron hydrate and caustic magnesia. 

Amnions add ia largely used in the manufacture of a hrit' 
liant green pigment, a compound of arsenite and acetate of coppa 
commonly called Paris green ; it is applied as an oxidizing 
in the manuiacture of glass ; it is consumed in considerable 
tities for poisoning vermin, ami for producing the arsenic aci 
which is used in the dyeing and printing of cloth ; it 
used in very small doses ea a remedy for asthma, and in son 
skin diseases, 

Ittl. AiBeuioua antijdilds is soluble in water. The Bolnti< 
is slightly acid, but it is doubtful whether n definite compound of tl 
anhydride witt the elements of watei' is formed ; if %i,, it *ould 1 
properly designated as VBoniona ftold : Uiere arc com]KiiiQda < 
various metals (called araenite*) which would imply au arsenioi 
acid of the formula H^Op Tlni« Bllvor Bfaenlte is Ag^AaOr 



16i. AiBeoio anbydride (As,Oj) is prepared br heatio^ Brm«- 
nic aoid to ilull I'eilueBB. It lunuj a. wliitt: iuiicrrphoui« mufis. which, 
liy long exposure to ivaCer ia gradually convevUd back into atsenio 

Arsenic add (H^AaOJ is obtained by oxidizing araealous 
anhydride witii nitriu acid, ai^ua xegi& or other oxidizing Hgeiit& 
The ccirrespcmding srJta of the mi'tals are called araeniates. Areenic 
auiil and Biime of the araeniates ore nsed in dyeing. 

1G3. Sslpbides of Arsenic. — Two sulphides of arsenic occur 
native, one (Ab^,) is ealltd realgar. It is used in pyrotechny. 
The other (Ahfi^) is called orpiment It is also prepuied urtifl- 
cially, and ia used somewliat as a pigment 



ANTIMONY (sb). 

964. Antimony, like araenic, is found native : it also occuitt 



Bei. 

^Hoyed with otlier metals, especially with arsenic, nickel and 
silver. TLere exist also a considerable number of minerals, 
whicli consist of, or contain, large proportions of the compounda 
of antimony with oxygen and sulphur. All the antimony of 
commerce is obtciined from the mineral tersulpldde, Bb^,. The 
symbol for antimony in 8b, from the Latin name of tJic Bub- 
Gtonce, Slibium. 

165. Antimoiiy is a brittle metal, having a bluish-white 
color, a brilliant lustre and a highly crystalline structure. The 
cakes of tbe commercial metal usually present upon their upper 
surfaces beautiful stellate or feru-liJte markings. Antimony 
melts at 450°, gives off vapors at a low red heat and takes 
fite at full rednesd, buriiiiig brilliantly with evolution of white 
fumes of the teroxide {Bb,0^. The atomic weight of antimony 
is 120. 

ABtimony entere into tbe composition of several very valii 
able alloys. Tffpe mttal is an alloy of lead and antimony, 
containing about 20 per cent of antimony. For stereotype 
plates b"? '° A of ^^ i^ usually added to this alloy. The com- 
m.011 wbite metallic alloyB, such as Briiannia meial, pewter, 
etc., used for cheap teapots, spoons, forks and like utensils, 
ue voiioosly compounded of brass, tin, lead, bismuth and an- 



A.vr/Afo.vr. [J 106, 

limony. The vctlne of antimony in these allofB depends a 
the hardness which it commiinitates to the compounds, witlioirf 
renderinj; them ini'onvonieiitlj brittle. 

16S. Hydrogen antiinonide (H,Bb ?) ie & colorless, inodorom. 
gaa nhich rcseiuLlea hydrogCQ arBeoide in being decomposed b| 
heat ; it bums in the air with ii whitish flame luid gives off a emolOK 
of antimony teioxide : wLon a. bit of cold porcelain is held aj ' ^^ 
a biiniiiig jet of the giv<, a sooly sjiut of metallic ODtimonf is depositef 
on the porcelain. These spots of metallic antimony are distin^miihed 
from tliorie of orsenic. obtained in a Biniilar manner from IiydroEni 
BTEeolde by difference in lustre, volatility and solubility ii 

l<i7. Antimony and Oxysen. — Antimony forma hi 
defined oxidea, — antimony teroxide (Sb,0^ and antlmoniB 
anliydride (Sb,0^. Antimony terozide occurs as a ni 
eral, and ia formed when metuilic antimony is burned i 
Antlmonic an&ydride is formed by heating antimonio acift 
The acid may be obtained by osidiaing metallic antimony with n 
acid. A third oxide of antimony occurs native. Its formula it 
Sb,0, and it may be regarded as a compound of the other tw9 
oxides, — Sb,0„ Sb,0, — 2 Sb„0,. 

168. Antimony and Chlorine. — Powdered antimony take# 

fire when tlirown into chlorine gas {Exp. 32, § 81) ; it alae 

combines very energetically with bromine and iodine. When veij 

finely powdered, it is dissolved by boihng chlorhydric ucid, wit 

evolution of hydrogen ; if a little nitric acid be added to tfa 

chlorhyilric, the metal dissolves easily, to form a. solution o 

antimony terehloricle (SbCl,). 

Antimony teroUoiide at the ordinary temperature is a, tnuv 

FJk. 34. lucent yellowish snbBtance of fatty uonaisten^ 

, whence its popular name, " butter of antimony^ 

When thrown into water, it ia decomposed i 

chlorhydric acid and antimony teroidde, whic)^ 

however, remains united with a portion of ti 

chloride, forming a white powder wluch contnil 

anttmiiny, chlorine and oxygen, bnt ia soiuewhf 

variable in coiiiiMisitidn. 

Exp. 64. — In a flask at about SOO c & e4 
' pacity, heat gently Ofi gim. of finely-pi 




antimony with 30 c c. of Btrong chlorby dric acid, tn wtiiclt 10 drape 
of nitric add have been added. When complete solutioa bm been 
etfecled, puur a little of the chloride into water, to demonstrute tha 
deconijiosilioQ just referred to. Evaporate the rest of the eolutiou U> 
the consistency of a thick sirup ; it is the butter of antimony. 

169. AnHmnny and Solphiir. — The native niinernl knoivn as 
gray antimony or antiinoiiy glance is antimony tetsulpUde 
(Bb^^. It ia the Hourui of the uiitiinony uf uoimuiirue. 

BISUUTH (si). 

1 70. The metal bismntlL is found chiefly in the metallic state, 
btit also occurs in combination with sulphur, oxygen and tel- 
lurium. It is prepared for the arts almost exclusively from 
native bismntlL It is a tolerably hard, brittle metal, of a 
grayish-wliite color with a reddish tinge. When pure, it crja- 
tallizea more readily than any other metal ; by the method of 
fusion (§ 113) it may be obtained in most beautiful crystals, 
made highly iridescent by the thin film of oxide which foims 
on their surfaces while they are still hot. 

Bismuth promotes the fusibility of metals with which it is 
alloyed to an extraordinary extent. The most remarkable aUoy 
of bismuth is that knoiva as " fusible metal." When composed 
of 1 part of lead, 1 part of tin and 2 parts of bismuth, tliis 
alloy melts at SS^.TS. The symbol of bismuth is Bi ; its atomic 
weight is 210. 

171. There is no compound of bismuth and hydrogen as yet known. 
There are three oxides con'cspoudingto the oiides of antimony, — bis- 
muth teroxide (Bi,0^, bisniuthic onLydiide (Bi,0^ aud the oxide 
Bi,0, wliich may be regarded as a compound of the other two. Bis- 
)nuth terchloride (BtCl^ resembles anliniony teiehloride. It is de- 
composed by water into chlorhydriu acid, which dissolves a portion 
of the chloride, and a precipitate containing bismuth, chlorine and 
oxygen, and called bimmlk oxyckloruie (BiOCl). 

1 72. The nitrogen Group of Elementa. — The five elements, 
nitrogen, phosphorus, arsenic, antimony and bismuth, form a 
well-marked natural group of elements. In the first place, the 

) themselves exhibit a definite gradation of properties, 
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and, secondly, the analogy in composition and properties masi- 
festeti by the similar compounds of the five elements is most 
striking and complete. 

Nitrogen is a gas, phoephoms a soKd whose specific giavity 
varies fri^m l.d to 2.2, arsenic has the specific grayity of 5.6, 
antimony of 6.7, while that of bismuth liaes to 9.8. The me- 
tallic character is most decided in bismnth, is somewhat lea 
marked in antimony, is donbtfol in arsenic and almost Yan- 
ishes in phosphorus. The series of corresponding hydrides, 
oxides, chlorides and solphides^ which the elements of this 
group furm, are very perfect : they proye the general ch^cal 
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the fire elements : — 
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Hfiridet. 


Oxidet. 


Oxida, 


Onda, 


CUonda, 


StdfUdtt. 


HH. 


H,0. 


H.O. 


H.O. 


Nd/I) 


i"A 


PH. 


P.O. 


Bb,0, 


PA 


pca. 


A«A 


AsH, 


A«.o, 


Bi,0. 


As,0, 


Afid, 


BbA 


BbH, 


Bb,0. 




Bb.O. 


Bbd, 


BiA 




Bi.O, 




Bi,0. 


Bid, 

Pd, 
8bd« 


PA 

A«.S. 
8bA 



When the qualities of the corresponding compounds which 
the members of the nitrogen group form with other elements 
are duly taken into account, it will be apparent that the rektive 
chemical power of each element of the group may be inferred 
from its position in the series of elements : — 

N = 14, P = 31, As = 75, Sb = 122, Bl = 210. 

rhe chemical energy of these five elements, broadly considered, 
Allows the opposite order of their atomic weights. 



CHAPTER XrV. 



CAKBOK (C). 



utioa is an extremely important and a very abui 
element. All organic aubstauuea, all things wliicli have li/e., 
contain it. In the mineral kingdom, the variona forms of eooi, 
graphite, petroleum, asphaltum, and all the different varictiea of 
limestone, chalk and marble, contain it in large proportion. It 
is found also ia the atmosphere and in the waters of the globe, 
and though existing therein in comparatively smali proportion, 
it 13 an ingredient not less essential than either of their other 
constituents for the maintenance of the actual balance of organic 
nature. All vegetable life is directly dependent upon the pres- 
ence of the compound of carbon (carbonic acid) which exists 
in the atmosphere. 

174. Three distinct ftUotropio modifications of carbon 
are distinguished, namely, 1. Tlie diamond; 2. Plnmbago 
or graphite ; and 3, Ordinaiy charcoal or lamp-black ; of 
this last modification there are many a ub- varieties. In each 
of its modifications, carbon is an infusible, non-volatile solid 
devoid of taste and smell. While the several modifications 
differ among themselves in color, hardness, lustre, specific grav- 
ity, behavior towards chemical agents, power of conducting 
heat and electricity and in various other respects, they all 
agree in this, that, on being strongly heated in presence of 
oxygen, they unite with it and form the same compounil, an 
oxide of carbon (CO,), 

1 75. Diamond. — The diamnnd is pure or nearly pure carbon 
and occurs in nature in octahedral crystals. Its rarity and its 
high refractive power as regards Ught, together with the diffi- 
culty with which it is worked, make it the most precious of 
gems. It is the hardest known substance. The diamond has 
not as yet been produced artificially. 

The diamond is not attacked by the strongeat acidla at alknr 
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ita weif^bt never exceeds one-fourth the weight of the wo( 
Sometimes kUna built of brick are used instead of tiie ni 
heaps here described. 

Where charcoal is prepared by distilling wood in retorts, I 
liquid prodncts of distillation, namely, tar and aoetie U 
(" pyroligneous acid "), are saved and utilized. 

181. Lamp-black. — Upon the large scale, lamp-black 
manu&ctured by lieating organic matters, such as tar, le 
or pine knots, which contain volatile ingredients very rich 
carbon, until vapors are disengaged, and then burning then 
vapois in a current of air insntGcient for their con]])lote 
bustioiL The vapors consist of compounds of carbon and 
hydrogen, and the supply of air being insufficient to consamB 
both hydrogen and carbon, a large portion of the carbon of 
the combustible does not bum, but is deposited as a very Aw 
powder precisely similar to that which constitutes the black 
portion of conuuon smoke. Lamp<black tinds iinpor^t ap- 
plications in the arts as a pigment and as the. chiefi ingredient 
of printers' ink. ^ 

Hip, 67 , — Fill nn ordinary spirit-lamp (Appendix, § 5) wiflt i 
of turpeutine, liglit the wick and place over it an inverted wii 
mouthed bottle of the capacity of a litre or more, one edge of I 
mouth of the bottle being propped up on a small block of wood, 
that some air may enter the bottle. As the supply of air is innri 
cient for the perfect combustion of the oil of turpcntme, a qnant 
ol' Itunp-blouk will separate and be deposited upon the aides of 1 
bottle. 



Hydrogen kindles at a lower temperature than carbon, 
if the flame of a burning compound of carbon and hydrogen I 
cooled down below the temperature at which carbon takes fin 
lamp-black will be formed, even if there be present an abundal 
supply of air. 



Bxp. 68.— Press down upon the flame of an oiMamp 
Ml iron spoon or a porcelain plate in such manner that the flame 
bci almost, but not ciuite extinguished. The solid body not only 




CHARCOAL A REDCCIXO AOENT. 

WWldH the draught of air, and thereby interferes wii 

combusts oil, but it also tools the flame by ^ 

actually timductiiig away part of its Leat ; 

the teiiipuratiire is thus reduced tu below the 

tindliug-poiDt of carbon, and a quantity of 
lamp-black remains imconaunied and adher- 
ing to the apoon or plate. The deposit of 
lamp-black is, of course, comparable with 
the ?pots of arsenic and antimouy, alluded to 
in §5 157, 166, as being obtaine<l upon porce- 
lain, as products of the incomplete combus- 
tion of the hydrogen compounds of these 
elements. 

183. In d! ita varieties, chareoal ia a very important chemi- 
cal agent, chiefly because of the readiness and energy with 
wMch it eombinea with oxygen at high temperatures. It might 
almost be said that the art of metallnr^, as it now exists, is 
based upon the affinity of carbon lor oxygen. 

Exp. 69. — Mis two and a half graiiimts of copper oxide with a 
quarter of a gramme of powdered charcoal i place a portion of the 
inii:ture in an ignition-tube maile of No. 3 glass, and heat it strongly 
in the gas-lamp. The charcoEd will imite with the oxygen of the 
copper oxide, and the compomid thus formed will escape in the form 
of gas, while metallic copper will remain in the tube. 

Thifl experiment is analogous to Exp. 62, where arsenious acid was 
reduced by means of chiaw«l. Both experiments are typical of the 
manner in which hot charcoal acts upon metallic oxides. At a wbil« 
heat it removes oxygen from its combinations with some elements 
which hold it with great force, such as the oxides of sodium and 
potassium, phosphoric acid and water. If a current of steam be 
paeHed over red-hot charcoal, the steam is decomposwl ; the hydrogen 
is set free, and the oxygen of the steam combines with a portion of 
the carbon to form oatbon protoxide (CO), an inflammable gas. 
The reaction which occuib may be formulated as foUowB : C -j- H,0 ■• 
= CO -}- 2 H. 

The deoxidizing power of charcoal, thus illustrated, is 
exhibited only at high temperatures. At the ordinary tem- 
perature of the air, the chemical eueijjy of charcoal ia exceed- 
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ingly feeble. Charcoal is, in fact, one of the moat darabie d 
Bubetances. Specimens of it have beea ibuiid at Puinpeit 
upon Egyptian nmnmuea, to all apputtnuiue aa fresh as if jtf 
prepared : the action of the aii continued throu<jh ci 
has exerted no appreciable inliuence upon it, i'tim 
which aro sunk for a cerbiin dbtonce into the ground ai 
charred on the outside, and thus rendered niuro diuiible. 

183. A physical property of charcoal, which ia of gi« 
practical importance, ia its power of absorbil^ and I 
densing within its pores a great variety oi' gases and vapco 
yreahly-burued charcoal exposed to damp air, in a oellal % 
instance, will gain 10 or Vi per cent ia weight in the course i 
a single day. 

'^x^lO. — Take from the fire a piece of charcoal which hi 
been heated to full redneaa for some time ; tlmist it under waWr I 
that it may be Buddenly coolal, and observe that it sinks in the wi* 
and that few or no bubbles of gus eacaj* fivm its poits. 

Take another piece of chiirooal wliinh has long been exposed to fl 
air and has not recently been heated, attach to it a (juantity of sheet- 
lead sufficient to sink it in water, and immeise the whole in a laige 
beaker-glass two-thirds fnll of hot water. The mobile water willim- 
mediately enter the pores of the charcoal, and a portion of 
which had previously been absorbed by these pores will be drivMi i 
and can be seen escaping in hubbies through the water, chieSj 
the broken ends of the cottL 

To the presence of air and aqueous vapor, which haa t 
thus absorbed, ia to be attributed the snapping and i 
of old charcoal when it is thrown upon a hot fire. 




Different gases are sbsnrbed by charcoal in very different pmpc* i 
^iciis ; thTM a cubic centimetre of dry, compact cliarcoat, such a 
Irom boitwooij, will absorb as much as 90 c. c. of amnionia-giw i 
course of 24 houra ; while in the same time it will aljsorb only 35 ^ 
of carbonic add and only 2 c, c. of hydrogen, 

184. Charcoal is much employed as 
It is capable of remuvinK many 
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such, for example, as the fetid producte given off during tlie 
putrefection of ftnimal aDd vegetable substauces, Anunal mat- 
ter in an advanced stage of putrefactiou loses all oii'ensive oilor 
when coveivd mth a layer of ehareoul, and tliu flesh of a dead 
BTiinial buried beneath a thin layer of charcoal will giadually 
waste away and be eunsiuned without eichaling any unpleasant 
ameU. 

Itxp. 71. — Place a small quantity ot powdered charcoal in a 
bottle CDntaimng hydrogen sulphide gas, and shake the buttle. The 
odor of the hydrt^n sulphide will quitkly disappear. In the same 
way, an oiiueous solation of hydro^n euljihide (Exp. i^) can be de- 
odorized by fllterhig it through a layer of chorcoaL 

!□ all these cases, the use of chBru>al as a diaiiifectant depends 
not merely upon its mechanical ability to absorb offensive gaaea, hut 
also and mainly upon the fact that the absorbed gases are chemically 
destroyed withhi the pores of the con! by the oxygen which is sucked 
into these spaces from the air. The purifying action dejiends upon 
oxidation, upon the burning i:p of the offensive gases. The charcoal 
is in no sense an antiseptic or preservative agent proper to prevent 
decay ; on the contrary, it actually liaatens the destruction ot putres- 
cihle oi^nic matters. Under orilinary circunistances, the pores of 
charcoal contain more or less oxygen which has been absorbeil from 
the air, and any new gas which is dragged in is forced into intimate 
contact with this oxygen If the new gas is one on which oxygen can 
act, it is destroyed ; aud as fresh portions of the gas are absorbed by 
the charcoal, additional quantities of oxygen are also absorbed, so that 
the action may go on for a long time. A great merit of charcoal as a 
disinfectant is, that it constantly draws in to destruction the offensive 
matters aroand it; pans of charcoal placed about a room, — the 
wards of a hospital, for example, — the air of which is offensive, 
HOon remove the unpleasant smell. 

185. Charcoal not only destroys odors, but it removes colors 
as well, and for this purpose it has long been employed in the 
purification of sugar and of many chemical and pharmaceu- 
tical preparations. Almost any coloring matter can be re- 
moved from a solution by filtering the liquid through a layer 
of charcoaL 
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Jtsp, 72. — Provide four gmall bottles of the capacity of 100 ot 
200 a. c, and place in each ot ihem a table-spootiful of bone-bladt 
Fls. )»• (§ 186} ; into the fint bot- 

titi pour a, quajitity of the 
blue compound of iodine 
and atareii obtained in 
I Eip. 39 ; into the aeoorni, 
a decoction of cocliiueal; 
itjto Uie third, a dilute 
solution of Boluble faidtgo 
blae ; into the foiutii a 
Bolution of blue litmiu^ 
of logwood, oc indeed oi 
almost any other veguialle 
coloring matter ; enonglt 
of Che solution being takoi 
in each instance to jiearly fill the bottle. Cork the buttlea and ebakt 
tbera violently, then pour the contents of each upon a filter (see Ap- 
pendix, § 16) , and observe that the filtrate is in each instance colo^ 
less, or nearly so. In ease the first portions of the filtrate happen to 
come through colored, they may be poureil back upon the filter and 
allowed to again pass through the coaL 

In the purification of brown sugar, the coloring matters are removed 
in a manner similar to the foregoing, the colored simp being filtered 
thiDUgh layers oE bone-black. Besides coloring matters, charcoal can 
absorb many other subatances : sulphate of quinine, for example, ii 
removed from its aolutions, to a very considerable extent, by cbnrooa], 
and the same remark applies, with perhaps still more force, to strycli' 
nine. The bitter principle of the hop, " lupulin," may be entirtlj 
removed from ale by filtering the latter through bone-black. 

In all these cases where coloring matters, and the like, are removed 
from solutions, the action of the coal appears to depend in the mfiin 
itireutly upon the physical property of adhesion; the subsequent 
Qxldlziiig action being here tar less clearly marked than i 
iuatances previously studied (§ IB4) where gases are acted upou. 
Much of the absorbed color or other matter will usually be fuuud 
attached to the surface* of the coal, undeciim])oai!d and unaltered. 

166. As obtained from different sources, charcoal exhibits 
yezf diflbtent d^tew of decoloriring power ; bat of tha t 
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ties commonly met with and to be procured in commerce, bone- 
blsck is the moat efficient. Bone-black is prepared fur the use 
cpf sugar-refinere, by subjecting bones to destructive distilbtion 
in lat^e iron cylinders and carefully cooling the charcoal out of 
contact with the air. As dry bones contain about 66 per cent 
of mineral matter, the charcoal thus obtained is left in an 
exceedingly porous condition, distributed over and among the 
particlea of the mineral matter. 

187. CompoondB of Carbon and Oxygen. — There am two 
of these compounds, — Carbonic anhydride (CO,) aiid carbon 
protoxide (co). 

188. Carbonic anhydride, commonly colled carbonic acid 
(CO,), is always formed when carbon or any of its compomids is 
burned in an excess of air or of oxygen gaa, or in contact with 
substances, gaseous, liquid or solid, which are rich in oicygen, 

upd yield it readily to other bodies. 

■'Bzp. 73. — Place a live coal (charcoal) upon a deflagruting spoon, 
I' told thrust it into a bottle full of air, or, better, oxygen giia : when 
the coal has ceased to glow, pour into the bottle some lime-water,— 
a solution of common wlaked Hrae in water, — and shake the bottle. 
The liquid will become milky and turbid, and, when k*ft at rest, will 
deposit a white powder (calcium carbonate). The presence of carbonic 
acid can readily be detected by means of lime-HTiter, niuce this insolu- 
ble precipitate of caloinm carbonate is formed when the two sub- 
stances are brought together. , . 

From the formnlie of the cla'W of boiliea known as carbonates 
(nodiiim carbonate =: J!Ta,CO,), we should infer the existence of a 
carbonic acid of the formula H,COp Carbonic anhydride does 
dissolve iu water, and the solution has a sUghtty acid reaction : it is, 
however, doubtiid if a definite compound is formed. The term car- 
bonic acid hai, however, been so long applied to the oside of carbon, 
CO, , and the tenn has such a foothold in our langiuige and literature, 
that it will be used in this chapter in ita popular sensa 

Eixp 74. — Ah was just now said, carbonic acid may be produced 
also by heating carbon in contact with solid bodies which contain 
oxygen, such, for example, aa the red oxide of mercury. Mis 11 
gems, of red oxide of mercury with 0.33 grm. oF charuual ; place the 
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mixttire in an ignitioQ-tabe arranged as in Figure 35 ; heat die tnbe 
and collect over water tlie gas which is evolved- Test the pniluct 
with lime-wnter, a« in Exp. 73. The reaction between the cliarcoal 
and the mercury oxide may be written as follows : — 

3 HgO + C = CO, + 2 Hb. 

The metallic mercury aet free condenaeB in droplets upon the oAA 
upper portions of the ignition -tube. Here, again, as in Exps. %'i and 
6^, the metiJIiti oxide is reduced by the chorcuaL 

189. Carbonio aoid may readily be obtained from Mitain 
compounda called oarbonates, several of which are abundant 
mlueials. Common thalk, marble and limestone, for example, 
are composed of calcium carbonate; and carbonic acid cw 
readily be obtained by strongly heating them, or by subjecting 
them to the action of strong acids. 

Bxp. 75. — In a (jas-bottle of 500 or 600 c c. capacity, arrangal 
preciaely ae for generating hydrogen (see Exp, 11, § 35^ place 10 or \i 
*^- 39. gnuB. of chalk or miirbie in 

email Inmps ; cover iJie chalk 
with water, and jKiur i 
through the thistle-tiibe coi 
centrated chlorhydric aciii, 
by small portions, in si 
quantity as shall insure 
contiinuiiw and equable e 
lution of fjas. Collect a 
era! bottles of the gas o 
water, then replace the an- 
terior portion of the deliy- 
ery-tube with a straight tuba 
and collect one or two hotUes of the gas by displacement ; earbonio 
acid gas is half as heavy again as air. The reaction between tho 
cinlcium Mrbonate and the chlorhydric acid may be thus formulated ; 
CaCO, 4- 2 HCl = CaClj -)- H,0 -|- CO^ 

190. At the ordinary atmospheric temperature and pressure, 
carbonic acid ia a transparent, colorless gas, of a slightly acid 
smell and taste. It is incombnstible, being already tlie product 
of the complete combustion of carbon, and is, moreover, ioca- 
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paLle of Bupporting the eombustion of moat other bodies ; it ia 
also incapable of supporting aninuil Hfc. 

Exp. 76. — TliruBt into a bottle of the gaa, obtaine'l in Exp. 75, 
a lighted candle, or, better, a large llunic uf alcohol burning upon a 
tuft of cotton ; in either case the flame will be instantly extiiiguiabed. 

191. The specific gravity of carbonio aoid is 22 ; being thus 
1.53 timea hKavier than air, it can he poured from one vessel to 
another almost as readily as if it wore water. 

Exp. 77.^ From a large bottle or other _ 
vessel full of the gss, pour n quantity of c 
bonic ncid upon the Hame of a lamp or a 
die ; that ia to aay, bold the mouth of the 
open bottle of carbonic acid obliquely o' 
the candle flame, an that the gna shall fall 
like water upon it : the fliunc wiU imiue 
ately be eitinguiahed. 

Carbonic acid can be obtained in 
liquid state hy Bubjecting the gas to preamire. It can also be oblaineii 
in a solid snciw-hke atate by exposing the liquid to cold. 

192. Carbonio acid gas is soluble in water to a conBiderablo 
extent. One measure of water at the ordinary temperature and 
pressure, wil! iliasulve one measure of carbonic acid gas, but its 
solubility increases if the prosaure be iticroasod. 

Exp. 78. — Into a long-necked flaak or phial filled with carbonic 
nchl, pour a quantity of water, cloae the bottle with the finger and 
Bliake it ; inimerse the inotith of the bottle in water, an<l remove the 
finger ; water will rush into the bottle to supply the place of the gaa 
which has been dissolved. Again place the finger upon the mouth of 
tlie bottle, shake the bottle oa before and subsequently open it beneath 
the surface of the water ; a fresh portion of water will flow into the 
bottle to supply the new vacuum ; in this way, by repeated agitation 
with water, all of the i^rbonie acid in the bottle can be absorbed. 

When subjected to increased pressure, carbonic acid gas dis- 
Bolvea in water much more abundantly than at the onlinary 
preasure of the nir. Water thus aurcharjied with carbonic acid 
\\a» an agreeable, acid, pungent taste, and efierveaeea briskly 
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vben the corapressJon is suddenly removed, as when the liquiJ 
is allowed to floiv out into the air ; such carbonic acid water flowa 
from the earth in many localitiea ns ot Sellers or Seltz ia Gw- 
many (Seltzer water) and at Saratoga, N, Y. It is also piepand 
artificially, in large quantities, and sold as a beverage nndor tho 
meaningless name of etMia-water. The effervescent qualities of 
fermented liquors, such as eider, champe^e and beer, are, in like 
manner, dependent upon the presence of uompressed caibonii 
acid gas. 

103. Carbonio acid is produced, not only in the actual com- 
bustion of all aubstancea which contain carbon, but also during 
the decay and putre&ctloii of all animal and vegetable saV 
fitancea. Durinj; fermentatioil it is evolved in largo quantities, 
and it is continually given off during the lespiratiOQ of m- 

'Exp. 79. — Diasolve 10 grms. of honey or molasses in 100 cn 
of water ; fill a large test-tube with the mixtare and add to it a fiw 
(bnpB of bakers' or brewers' yeast ; close the 0)>en mouth of the test- 
tute with the thumb, and invert it in a small saucer or poreelain 
capsule flLed with the diluted sirup. Place the saucer and tube, wilh 
their contents, in a warm place, having a temperature of ubont 20° 
or 30°, and leave tbem there during 24 hours. In a short time fer- 
mentation sets in, and the sugar of the sirup. is gradually couveitod 
into alcohol and carbonic acid. 

C,ft,0, = 2 aH.o + 2 co^ 

The carbonic acid thus formed rises in minute bubbles, causing I 
gentle effervesceuce in the liquid, and collects in the upper port of 
the tube, while the alcohol iBraains diflsolved in the hquid. 

Bip. 80. ^Provide two test-glasses or small bottlea ; place in 
each 16 or 90 c. c. of lime-water ; tliroi^h a glass tube, blow into the 
lime-water of one of the bottles air coming from the lungs. By 
means of bellows, to the nozzle of which a gas-dehvery tube has been 
attached, force through the lime-water of the second bottle a quantity 
of fresh air. The clear liquid of the fiist bottle will quickly become 
lurbid through deposition of calcium carbonate, while the lime-water 
of the second bottle will remain clear for a long while. 

194. Carbonic acid is an exceedingly weak acid ; It fails to. 



) (§ 46) completely the cansticity of hj'dmtes, such u 
those of tbe nllmlin p iiietalti ; tbe nomial curbonute of fludiuin, for 
tuuuiiple, i» duaiiivtily alkaline in its reaction and properties. Al- 
most all the (Arbuuatea aru rBuUily decoiiiposeJ by aciila, — even by 
very weak auids, — witb an efl'errescence caused by the escape of 
carboniu acid : many, among them calcium carbonate, are decuniposeil 
by heat 

Carbonic acid is bibaaic (§ 134) lllce sulphuric acid ; thus there 
exist a sodium carbonate, Na,CO,, and a hydrogen Bodiiun carbonate, 
HlfaCO, ("bicarbonate of soda"). 

195. Carbon Protoxide (Co), called also oarbonio oxide, 

may be pre[iiireLl by pusaiiig carbonic acid over hot eliarcoal 
{C 4" CO, = 2 CO) or by heating the oxides of almost any of 
the metals witb an excess of charcoal. The gas is, however, 
contaminated with aome carbonic add. It may be prepared pure 
as followa : — 

Bzp. 81. — In a flask of about 250 c. c capacity, provided with a 
rleliveiy-tnbe and with a safely-tube (Fig. 41), heat s^ntly a mixture 
of 5 gmis. of finely-powdered polaasiuni feirocyanide (yellow prus- 
*- eiate of potasli) and 40 or 50 gniia. of strong sulphtirie acid. Collect 
the gas over water and teat it as to its inflammability. Thrust also a 
lighted splinter into tbe gas and observe that it will be extinguished. 
The reactions which occur between tlie chemicals employed will be 
explained in a subsequent section (see | 387). 

196. Carbon protoxide is a transpamnt, colorlesa gas, hav- 
itig little, if any, odor; it may be liquefied, but with great diffi- 
culty. The gas is sontewliat lighter than air, ita apeciiic gravity 
being 14, while that of air is 14.S. It ia but little soluble iJi 
water, and may bo collected over water without mnch loss. It 
extinguishes combustion just ae hydrogen does, and destroys 
animal life. "Unlike hydrogen and nitrogen, however, it ia a 
true poison. It destroys life, not negatively by mere suflboa- 
tion or exclusion of oxygen, but by direct noxious action. It ia 
tbe presence of this gaa which occasions the peculiar senaation 
of oppression and headache which is experienced in rooms into 
which the products of combustion liave escaped from firea of 
charcoal or antiiracite. Carbon protoxide ia very much more 
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poisonoiiB than carbonic atiii Much of the iU rGpat« n 
attaches hi carbnoic acid really bolou^ to carbon protoxide, f^ 
since btitli these gufics are producvtl by burning charcoal, n 
persons nre liable to i:nnfouiiil them ; but carbonic acid is, a, 
paiatively 8].it;ikinj;, iilnnjat innocuous. 

197. C&rboD protoxide plnys a very important part in n 
metallurgical operations on account of the power which it p(*~] 
BCBsea at high teniiierotures of taking away oxygen "bom maay 
compounds containing' tliat element. Much of the reducing 
action which is, commonly speaking, attributed directly to c 
bon, ia rciilly effected in pmctico through the mediation ot' the 
protoxide. 

108. Carbon protoxide burns readily iu the air, the » 
product of the burning b 
; carbonic acid. 
} gas forma an exploa 
' mixture with air or 
gen. 

Exp. 82. — To the (Lp-"! 
patntvia employed in Etp. 
81, provided, air has not been 
allowed to enler by the cnuling down of the _ 
misture, attach a piece of glass tubing drawt 
out at the end (but not to a very fine poial^ 
and bent in auch a manner that a strew 
gas may be debvered upwards from the p 
Light the gaa aa it flows out of Ihe tube, a 
hold over the pale-blue flame a clean, dry b 
No moisture is depoaited, Tliat carbonic a 
hoa been produced may be proved by J 
a little lime-water into the bottle and a 
it about ill the gas therein couUuned. 

199, Combustion. — Now that we have become acqui 
with carbon, hydrogen and ojtygon, and with some of the B 
important compounda formed by the union of theae element 
the subject of combufrtion can ba more fidly discussed thaO 
has been posaiblu hitherto, ITio materials employed as cdco- 




§ 201.1 COMBUSTION. -CHARACTER OF FLAMES. 

bustibles are, as a general rule, compounds of carbon and hy- 
drogen ; there are some exi;B|)tiona to tliis rule, as when tho 
metal ma^Bsium ia burned Ibr light, or the heating of a sul- 
phiiretted ore is effected by the combustion of its own sulphur. 

200. tn almost all uases artificial light results from the in- 
eandescencB of particles of solid mutter, or of dense vapors. 
When the heat, which is an invariable accompaniment of chemi- 
cal combination, can play directly upon such solid or semi-solid 
particles ^vlth force eoough to ignite them, an exhibition of liyht 
will accompany the chemical change. The hydrogen flame af- 
fords no light, or as good as none, because in it nothing but a 
higldy attenuated gaa is heated. But when a solid body, sucli 
as the platinum wire or the piece of lime of § 41, ia placed in 
this Don-lumiuous hydrogen flame, intense light is radiated from 
the heated solid. 

Ezp. 83. — Sprinkle fine iron filings into the Home of an alcohol 
lamp, or into the non-luminous flame of the ga»-lanip, and obtierve the 
light given oif by the particles of metal as they become iu candescent 
while iiasaing through the flame. Or rub together twii pieces of char- 
coal above a non-luminous flame, in such manner that charcoal pow- 
der aholl fall into the flame. 

201. In ordinary luminous flames, such as those of candles, 
lamps and illuminating gas, the ignited substnnre ia oarbon, 
or rather a vapor or fog of certain carboa compounds contain- 
ing more or less hydrogen. 

Ordinary fllumiiiating gaa may be decomposed by pnHsing it 
throiijih a tube heateil retl-hot ; the carbon will nepnmte, in a finely- 
divided state, while hydrc^fen will escape from the tube : or, by put- 
ting a cold body into a luminous gas-flame, the carbon is deposited a« 
Boot (see Exp. 68, § 181). This breaking up of the eompounda of 
carbon and bydn^n under the influence of heat takes place when 
the Has ia burned in the air, and if the supply of air furnished lie 
inaufiicient to convert all the carbon and hydri^n to cftrbonic acid 
"kI water, the particles of carbon which escape unconsumed will 
e the flame to be efaoky. If the supply of air be excessive, the 
1 wUl be complete, and no light will he ofloided by the 
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il we TinBcrew the tube of 
§ 5) luid light the gas as 
lower part of the burner, v 
tiui>ky flniue. When, how' 
Fix. 4K- 




anion Buusen lump (Appendj^ 
front the slit (or hotea) is M 
shall have a luiuinoiis aud pfo'liape piO^ 
et, llie tube ia in i\a phu^ the gas be- 
eoniee luixetl with air which enteis Ij 
the holes at the baee of the lamp, anil 
when the iuL\ture is ligliteil, the gas iB 
in uitiiuiit« contact with air enungh t^ 
bum it nt once, and completely. 
luniinoUB flame maj also be ptodM 
by simply closing the holee at the hift 
of the lamp, with the finyere or hj 
means of a metallic tube, as represenlei 
in Fig. 43. 

If across the top of the chimney of a lighted Ai^ard gaa-hanW% 
which is burning with a low flfune, we slip a. strip of aheet-ii 
thus obstruct the flow of air, the flame will increase in Bize,l)ecouii 
more and more luminous, and finally will actually smoke. The ai 
fie. 13. of gas supplied haa remained the 

difference in the amount of light is owii^l 
the decrease of the supply of air. The n 
flaiue, such ua waa ohtained ju^t before avlq 
smoking began, in wliiiih the largest uuniberfl 
particles of carbon or heavy carbonaceous % 
! heated, although none of them I 
heated very hot, yields the largest amount fl 
b light that can he obtained from a given h 
* with a pven Piunpleof gas. Such a llame,h( 
ever, does not funiish the hght most agreeable to the eyes. 

202. The flames of ordinary lamps and candles are, ; 
spe-aking, gan-flamCB. 

Exp. 84. — Construct a lamp as follows : To a -nide-n 
hottle of the capacity of about 50 c. c. fit a cork loosely ; bore a h 
in the cork and place therein a short piece of glass-tubing, N8.J 
open at both ends ; through this glass-tube draw a piece of laff" 
wicking, or any loose twine, long enough to I'each to the bottom 6i 
the Iwttle. It is essential, either that the cork should fit the bottl« 
loosely, or that there shoidd he a hole in the cork, in order that tl^ 
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prcssnre or the external mt may act upon the surface of the alcohol, 
— to this end a very small glass-tube may be insurteJ in the cork at 
Bume distance from the tnbe which carries the wick. Fill the bottle 
nearly full of alcohol, and, alter a few minutes, touch a lighted 
match to the top of the wick. The fluid alcohol in drawn up out of 
tho bottle by force of capillary attraction eieltised bj the pores of 
the vegetable fibre of which the wick is composed. Whuti heat ia 
applied to the alcohol at the top of the wick, some of it is converted 
into vapor ; this vapor then tAkes fire, and, iu burning, fdruisbtM heat 
for the vaporization of new iwrtiona of the alcohol. From the top 
of the wick there is constantly ariainj^ a column of gas or lapor, luid 
upon the exterior of thia conical column chemical combiuation is all 
the while going on between its constituenta and the oxygen of the 
air. The dark central portion of the alcohol flaiue is nothing but gas 
or vapor. 

Exp. 85. — Tlmist the phosphorua end of an ordinary friction- 
match directly into the middle of the flame of the alcohol-lamp of 
Exp. 64. The combustible matter upon the end of the maluh will 
not take fire in the atmosphere of carbonaceous guacs, of which the 
centre of the flame consists i the wood of the mutch-stick, of course, 
takes fire at the point where it is in contact with the outer edge of 
the flame. The portion of the match in the centre of the fiame 
becomes so strongly heated during its sojourn within the circle of fire, 
that it is ready to inflame as soon as it comes iu contact witli the air ; 
it is therefore somewhat difticult to withdraw the match from the 
S^me without its taking fire. 

Exp. 86. — Hold a thin wire (best of plntinnm, though iron 
will answer well enough) or a splinter of wood across the flame of 
the alcohol-lamp, as shown in Fig. 44. The wire will *■!«. M. 

he heated to redness, and the wood will burn, only at 

the outer edges of the flame where the ga 

nieet ; in the interior of the flame, the wire w 
j iwk and the wood unbumed, for there is no combua- 
I tion there, and comparatively little heat If the wir 
I I* successively placed at diflereiit heights in the flam 
I lie Biie and shape of the intenial cone of gaa can easily be made out ; 

^ »ill appear, moreover, that the hottest part of the flame is just 

TOve the top of the interior cone of gas. As a nde, when glaas- 

tfoing, or the like, is to be heated in a flame, it should never he 

pWd below this point of the greatest heat. 



FlK. 44. 
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Wben a candle is lighted foe the first time, the cotton of 

wick is coiujHwed tokea fire, iind is at once uonamned for the 
part, but, ill bunung, the l^utt«tl gives off considerable heat, u]d 
of the wax or tallow of which the candle is composed is tbenbjr 
melted and cuuverted into oil. The liquid oil ascends the wick t^ 
virtue of capilhiry attnictioii, und is coDverted into vapor or gu bf 
the beat of the cotton itill burning at the atuuip of the wick; thii 
gas then buRi;^ precisely like the uluohol vapoi' in Exp. S4, and b; 
the heat thus disengaged new portions of wax or tallow ore continu- 
ally melted. There is always a little cu]) of oil at the top of the rod 
of wax OT toUow of which the candle consists, mid the apparatns is u 
truly an oil-lamp as if the oil were held in a vessel of glass or meMl 
If the llami; of the candle, when the snuff has become long, 1» 
blown out, a current of vapor continues to ascend from the hot 
and this vapor may he ignited some distance above the wick, 
the flame has been extinguislied, the wick retains heat enough (wj 
few momenta to distil off a quantity of gaa, although there is 
heat enough generated to inflame this gaa. To the gas or ve^ioT ' 
evolved is to he referred the disagreeable odor which 
when a candle is blown out 

Batp. B7. — Press down a piece of white letter-paper, for 
instant, upon the flame of a candle until it almost touches the 
then quickly remove the paper before it takes ftre, and observe 
Fie. AS. its upper surface is charred in the 

shown in Fig. 45. There will bo obt^Mtjj 
1 fact, burned into the paper, 
of the part of the flame where combi 
ia taking place. It is thus seen to be 
D enclose a space where no combuatii 



shaped in section, and t 



203. All flames, which aje rendered luminous by incandes- 
cent carbonaceous pai'ticles, have the same general atructure. 
This structure is best studied in the flame of a candle. 

In the candle-flame fonr portions or divisions of the flame can I* 
distinguished (Fig. 46). First, there is the small blue rnp-ehiiped 
portion of the flame (u h) at the l>ase of the wick ; here a part of the 
combustible gases coming from the wick are burned completely, 
oxygen of the air has free access to this part of the flame. The heat 
thus produced converts into vapoi the oil whidi the wick ilnwa 
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trom the candle. This carbonaceous vapor rises and forms the second 
part of the flonie, the non-luminous cone (c). Here no coinlmslion 
con take place : the osj^en of the air, it is true, tends to p 
fusion, into the interior of the tlame ; but, as fast as it 
ftpproaches, it meets i:iLrbon and hydrogen in the outer 
portion of the flume, und enters int^ combination with 
these elements ; the nitrogen of the air, however, dif- 
fuses freely into the interior of the flame, and ia found, 
mixed with the eombuatihle gaees of the candle and 
with some carboniu itcid and Bteam, in the space (r). 

The third portion of the ilame is the luminous zone (d). I 
Here the combustion is incomplete ; the gaseona c 
pounds of carbon and hydrogen are hroken up by heat 
into their conatituent elementa. The carbonaceous par- 
ticles are intensely ignited, and bum to carbon prt 
toxide by taking oxygen from the air, and also from the jj 
carbonic acid and steam which diffuse inwarda from the | 
outermost portion of the fiame. 

The fourth portion of the flame ia the thin, acarcely perceptible, 
non-luminons mantle (/e/) which surronnfls the entire flame. Here 
the carbon protoxide and hydrogen bum to carbonic acid and steam, 
and, as has already been seen, a [lart of these gasi's diffuse inwards 
and are decorapoaed, furnishing oxygen for thu partial combustion of 
the carbon in the lumicoua portion of the flame. 

204. The principle of this ozy-hydrog^en blowpipe, na well 
aa of the ordinary blast iamjis in «hicli aiv uml illuminating gas 
are used instead of oxygen and liydragen, ia the throwing of 
oxygen into the combustible (^aa so that the combustion is in- 
tense and concentrated. Oa the same principle depends the use 

I the moaUi-blowpipe. 

ir a description of the mouth-blowpipe, see Appendix, § 7.) 

. — To uae the mouth-blowpipe, pkce the open end of 

!e tube between the lips, or, if the pipe is provided with a mouth- 
piece, press the trumpet-shaped month-piece against the lips; fill the 
mouth with air till the cheeks are wididy diatended, and insert the tip 
in the flame of a candle or of a lamp with a flat wick ; close the com- 
ninnicalion betweenthelungsand the mouth, niid force a current of air 
through the tube by squeezing the air in the month with the muacles 
ftC the cheeks, hreattdng, in the mean time, tcgulnrly and <\aietlj 
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thnmgh the noetrils. The knack of blowing a steady Btrwun foriw- 
aral minutes at a time is readily awjuireii by a little practice. 

It is possible with the blowpipe to produce either an oxidiiliig 
or a reducing flame. When the jet of the blowpipe is insaial 
into the lamp ur gas-flame, as shown in Fig. 47, and a strong blast is 
Fi«, 47. fni'ced through the tub^ i 

blue cone of flame (a I) u 
produced, beyond and out- 
Bide of which stretclMa a 
' leas colored oDUr 
■ (a c). The point of 
greatest heat in this Suue is 
at the point of tlie inna 
blue cone ; oxidation lakea 
place most rapidly at, or just beyond the point (c) of the flame, pw- 
vided that the temperature at this point is high enough for tlie apeclil 
substance to be heated. 

To obtain a good reducing flame, it is neceesary to place the lip 

of the blowpipe, not within, but just outside of the fliuue, and to bluf 

somewhat gently over tather than through the middle of the flame 

Fia. i». (Fig. 4S). Id this maimei, 

..jff-*-^ the flame is less altered in 

^^^ its general charncter ihaa 

1 the former rase, the chief 

part consisting of a Utks, 

' luminous cone, containing i 

quantity of free carbon in * 

jnst in the condition for tai- 
ing up oxygen. This flame is, therefore, reducing in iu tflect. The 
substance which is to be reduced by exposure to tliis flaiiie sboidd be 
completely covered up by the luminous cone, ao that contact with 
tbe air may he entirely avoided. 

205. Instead of forcing the air (or oxyften) into the burning 
fiicljthe supply of air may be furnished by means of ohtmiMyi 
Chimneys, whether of lamps or fiimaces, are simply devices fct 
bringing an abundaneo of air, and therefore of oxygen, into the 
lire ; that in ao doing they, at the same time, carry off the waste 
jnoducts of combustion is an incidental udvantaj 





ESFERIMJiXrS OS COMBVSTIOS. 

"Sxp. 89. — Light a [oecc of a candle 8 or 10 c m. lon^, and 
EtAnd it upon a smootk table ; ovur Ihe caiidit! jilacti a rather tall, 
liarmw hunp-thimney of glaaa, die Iwttoiu Mg. 4S. 

of the chimney heing mode U> rest upon f^ 

the table, and observe that the candle- 
iloiue will aoun be extinguiflh(;d. Nu fresh 
■ir can enter the chimney froui below to 
maintain the cheniieal action, and tha 
Rniall quQiitily of air which can creep 
down the chimney front above is alto- 
gether iiA(<af&cicnt to meet the require- 
meiits of the ease. 

Exp. 90. — Eelight the candle of Exp. ' 
89, ajid agHin place over it the lanip-ehimney ; but instead of allow- 
big the chiiuney to rest closely upon the sui'&ce of the table, prop it 
np on two narrow strips of wood, so the air can have free en- 
trance into the chimney from below. The candle will now continue 
to burn &eely, for the heavy, cold air outside will continually presi 
into the lower part of the chimuey, and push out the waim, light 
products of combustion, and the uaudle-Btmie will all the while be 
supplied with fresh air. 

The direction of the wurent of air may he ahowii by placing a 
piece of burning "touch-paper" at the foot of the chimney. Touch- 
paper is made by soaking ordinary lirown paper is a strong solution 
of potjusium nitrate, and then drying it Ou being lighted, the paper 
burns without flame, while emitting clouds of smoke. 

Exp 91. — Bepuat Exp. 90, and when the candle is burning 
quietly, cover the top of the chimney tightly with a piece of tin or 
sheet-iron, or with n stiip of window-glasa ; the candle will soon 
cease to bum precisely as if the cliimney were closed at the bottom, 
for, the escape of tlie hot products of combustion being prevented, 
no air can pass into the chimney to reach the condle-flanie. 

It is by inducing the current of treah air (Eip. 90), or draught, 
as it is ordinarily termed, that chimneys are specially usefuL Through 
the chimney the hot air irom the lamp flows straight forward and 
rapidly, and, of coui^ a correspondingly direct and rapid cnrrent 
of fresh air presses in to supply its place. Owing to this power of 
^dly supplying air, chimneys are employed upon lamps burning 
roleum and other highly carbonized oils which are IBible to smoke. 
- It is not absolutely neccsaary that the fresh air 
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shonld flow into a chimney from below. Divide Ihe upper p«rt tl 
fIb- J>0. tlie chimney of Exp. 89 ii 

fliy Liuiyiiig in it u strip of sheet-iron <a tiii,-V 
as a putitioii nt the centre of the chiniticjT 
(see Fig. 50). Place tlie thiinney thuB 1 
divided ovet a burning caudle, and obeem | 
that tlje cuixUe will continue to bum «i 
in a ali'ong drai^ht of air, although no 
con enter the chiuuiey Irom below. Hold |j 
piece of burning touch-paper at the top tl 
tbu dividtid chimney ; the smoke will h^ 
drawn down into the cLinmej on c 
of tbe partition, and thrown out again upon I 
the other, as in<]iceted by tbe arrows in Fig. 50. It appears fnm 1 
this, as well as from the tiemnlous motion of the flame, that a 
of cold air pceeseB down upon one 9ide_ of the division wall and sup- 
plies tbe required oxygen. 

206. Kindlisg-Teinperatlire. — In order that any combnsl 
He Bnbstanue shall burn, or, in other words, in order that b 
chemical acition sliall occur between the conihiiatible and I 
oxygen of the air, it must tirst be heated to a certain tempBOr^ 
ture, and then kept at that heat. The temperature at whiAj 
any enbstance takes fire is known as the kingling-tempcrfctlE 
of that substance. 

Byp. 93. — Place a small bit of phosphorus and another of 
pbur, not in contact with tbe first, upon a fK^,^nent of porcelain 
8 c, m. across, and heat them slowly over the gas-lamp ; the p 
pborua will soon take fire at a temperatnreof 6a°-70°, buttheBulpl 
will not iniliune imtil the temperature of tbe porcelain support tj 
risen to about 250°, as can be ascertained by tbe thermometer. 

As was just now said, the degree of heat necessary to start ^ 
fire mtist he kept up continually, or the iire will go outu 
ever burning bodies are cooled below the liindling-temperata 
thay are extinguished, — the chemical action which c 
the appearance of beat and light ceases. 

If we pOe np upon an iron grate, thick in metal, and snppt 
such manner that ait may enter beneath it, several pieces oX r 
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rcool, tliQ charcoal will go on burning until nearly all of it baa 

a conaumeil, for the bent };enerated by the uuuibuatioii of the por- 

a first burned keeps up the teoipeiiiture nefeasary to kiiidle ibe 

jabseq^uent portions. If, however, we suitter ubotit upon a cold gmte 

KTeral small pieces of red-hot clmrcriul, taking cure tluit uu two 

Mecee of the coul shall come in contact, or be placed so a« to hc-ut one 

mother, each of the piecea of charcoal will aoon ceaae to bum ; fur 

e metallic grate is so good a conductor of beat that it removes heat 

1 the isolated pieces of ubarcoal more rapidly than thu^ can pro- 

^Ucu it : the tempetiiture of the charcoal is, conaeiiueutly, mioa I'e- 

D heluw the kiudiing-point. 

207. Precisely as coals can be extingmahed by placing them 
n cold metat, so flames may be put out. 



a sheet of clean 
10 that the •>au/e 

caudle almost to 
I seen almve the 
FlK.01. 




Bzp. 94. — Upon a ring of the iron-stand pkci 
e-gauze altout 10 c, m. sMjiiare ; lower the ring 
(dioU be pressed down npon the fliune of a lump oi 
ick, as shown in Fig. 51. No flame will 1 
Btixe, hnt instead of flante a cloud of smoke, 
a mere open sieve ; there is nothing 
^bout il which can prevent the gas, which was 
n burning with flaaie above the wick of 
1 candle, from passing through. Indeed, it 
nay be seen from the smoke that the particles 
F carbon which, in the original undisturbed 

e becoming iucandescent, ana so affording light, do now 

JKtQally come through the gauze. 

The explanation of tbe phenomenon is simply that the metallic 

■e conducts away so much heat that the temperature of the candle- 

me is reduced to below tbe kindling-puint. That this is really so, 

i proved by the fact, that after the gauze has become sufficiently 

eated by lon^-continued contact with the flame below, — after it has 

Utained the kindling-point of the cundle-gaa, — it will no longer 

^tingnish the flame. In like manner, a candle-flame may be cooled 

'o aach an extent that it will go out by placing over it a small coil of 

(old copper wire, while, if the wire be previously heated, the flame 

If the amoke and unbumed gna which has passeil through tbe cold 
le ha touched with a lightfid miteb, aud so brought to the 
-temperature, it will burst into flame. 
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208. Cftrbou and Snlphur. — Carbon bisnlptude (cs,) is 
iteresting from Ws torresfioiiJence lu carbonic anbydnde, CO,, 

id forms another inatnnce of tlie aiiJogy hotwn-n tlie com- 
aunds of oxygen and siilpLur. Citrbon biaulpliide is prepared 
y passing tbe vapor of sulphur over red-hot charcoal It i 
dorless, strongly-refracting liquid which boils at about 54° and 
faporatea rapidly at the ordinary temperature of the air. It 
Kissesses an ethereal odor when purified, but the comnion bisul- 
a peculiar aiid very disagreeable smelL It is very 
imable and bums with a blue flame, the product of the 
ombustion bemg carbonic and sulphuroua anhydrides. It 
ised as a solvent of pboaphonis and sulphur, and is emiJoyed in 
he cold process of vulcanizing caoutchouc, 

Bzp. 96. — Into a small beaker or watch-glass put two teaspoon- 
als of carbon bianlphide. Set the glass upon a wet piece of wood, 
nd by means of a glass tube direct a current of air from the lungs, 
r from a pair of bellows, across the surface of the liquid. The 
ulatile carbon l)isidpliide rapidly evaporates, and in so doing pro- 
nces such an amount of cold, that the ^dass will be irozen to the 
rood. This experiment should be performed where there is a gi>od 
Taught of air, and out of the neighborhood of any lighted lamp. 



CHAPTER XV. 

0AB30H (oODtinned). 

209. Carbon unites with hydrogen, oxygen or nitrogen, or 
ith two of these elements, or with all three of them, in : 
oat varied proportions, A great number of different cc 
lunds are thus formed, some of them being extremely tx 
ex. Since many of these more complex compounds of carbon 
ready formed in animals and plants, or are produced by 
lie transformation of suhstancoa derived from these sources, 
hey are usually elassed together and studied under the head of 
'Organic Chemistry." 



136 trA.IOOEy.-CYASHTDRIC ACID. [j 21fc 

There is no BUt&cient reason, cbeimc«Uy speaking, fur making tl 
divieion : chetnioil compounds, whether deriTed from, the uunu 
vegeliible or luiacml kiiigdomB, are governed by the same law* : iti% 
moreover, impossible to draw any sharp lioe of demon^tion betwwl 
ocganic and inorganic chemistry ; still, on account of Ibe vast uniabw 
of the carbon compounds, the mere namea of which would Gil ■ 
volume, this arrangement has the merit of convenience. In thia sni 
the two foUowiug chaptera a few of the more important of lliem U^ 
caHcd organic bodies will be considered. 

Other elements besides those already mentioned, euch aa sullrin* 
and phoaphonis, enter into the composition of these bodies. Stof 
of the complex substances whicli exist in the bodies of animals, anck 
as albuiuiu and the matter whioh forms the aubetanca of the h 
contain sulphur as an essential ingredient. Moreovi^, the muoei 
nrgaidc acids form (lalts of the various metals, and manjr of these s 
exist ready foniied iii nature. 

S 10. Caibon and Hitrogen,~FTDmineiit among the compoundi 
of carbon and nitro^^en is Cyanogen {CN), which is an impurtuit 
compound radical, and which also exists in the free state. 

211. Cyano^n (Cir w Cy). — Carbon and nitrogen do D 
unite directly, but when a current of nitrogen is passed ovS 
red-hot cliarcoal which has been previously soaked in a solutioa 
of potaasiiim carbonate, there is formed potassitun cy&nide, ■ 
compound containing the ludical cyanogen, 

K,CO, -i-4C + 2N = 2 KCN + 3 CO. 
Free Cyanogen is best prepared by heating mercuric cyanidaj 
tiius, — HgCy, = Hg + 3 Cy. It is a colorless, poisonous gas rf 
Buirucatiii;; odor and roady inflammability. Its molecule contain 
two atoms of the radical and is written (ON),. 

212, Cyanhydrio Aoid{HCN). — Cyanhydrie acid, which may 
bo pH-'i^aiiid by piwNinj; hydrogen sulpliide over mercury cyan- 
ide (Hb (CN), -t- H,B = HgS -(- 2 HCN), ia a combustible and 
volatile liquid : it possesses the odor of bitter almonds and ia 
intensely poisonous. In aqueous solution it is known aa prOBlifi 
acdd. 

Several of the oyaiude* are iroportnut bodies, and will be 
mentioned under the head of the different metallic elements. 



S. — METHYL lIYDRrDE. ^^H 

S" correspond in composition to the clllorides, the univalent 
lical (5 154) CN occupying the place of CI; thns potassium 
' " 3 is KCN ; zinc cyanide is Zn(CN),. 

97. — To a very mimiU i^uantiiy of aolid potuHsium eyanide, 

iw drops of Btrong Bulphuric aciil. The effervescence which 

lace is due to the eecape of cyanbyilric add, whiuh may be 

1 by ita peculiar odor. The reaction ia similar to that 

ea place when common sail is treated wit!) sulphuric add in 

ction of chlorhydric acid. It may be expressed iw follows ; 

T + H^O, = K,SO. + 2 HCN. 

e oyanatOB correspond to cyanic aoid (HCyO). Thua, polas- 

cyaniLte is KCjO, 

3. Compoonda of Carbon and Hydrogen or Hydrocarbon! 

ery numorotis. We tirat conaider one of the most familiar 
j)f them, maxBh^a& 

2U. Hethyl Hydride or Uftrsh-Gas (chJ. — In hot sum- 
; weather bubbles of gaa are often seen rising to the aur- 
I of stagnant pools : if a pole be thrust ijitu the mud at 
: bottom of the pool, a eonaidemble amount of tlio gas will 
3 and may be collected by holding an inverted bottle full of 
• over the ascending bubbles. The gas thus collected 
ins a certain amount of carbonic acid (which may bo 
temoved by pntting some milk of lime into the bottle, and 
iking it for a abort time), together with a httle nitrogen : 
} greater part, however, consists of a colorless gaseous com- 
ipund of carbon and hydrogen. This gas is a product of the 
Ifetrefftction of vegetable matter under water, where the sup- 
1 insufhcient to oxidize the whole of the organic 
matter to carbonic acid and water ; hence the name marsh- 
gaa. 

The formula of mareh-ipia is CH„ and it may be refpirded as a 
compound of hydn^n fH) witli a group of atoms (CHJ called 
methyl. This group of atoms (CH^) like the group (Wg,) whiclv 
has lieen designated as Bnunonium {§ G7), and like cyanogen 
211), takes port in chemical transformations as if it were a simple 
elt^meatary atom. The chemical name of marsh-gas is methyl 
bydtide. or methane. 



ilKTHVL llYlililDE OR MABSU-GAS. 

Htthyl hydlide fonuB a Teiy coneideiable portjo 
mdinary Ulumiuatuig gus made by distilling coal ; ftfyta eome 
Tarietiee of liitnniincus coal, it ia disengaged at the ordinwj 
tempetatuie, and furms the " tire-damp " of coal-mines ; Uke 
hydrogen, it forma aa explosive mixture witli air, and the ei- 
plosioQ of this mixture in badly-Tentilated mimis is often (be 
cause of frightful Iobb of life. The gas may be prepared arti- 
ficiftlly as follows : — 

Zlzp. 98, — Mis together two gnns, of crystallized sodium acetale, 
4 grills, of cumtic soda and 8 grms. of slaked lime. Heat the mii- 
tm« gentlj upoa an iron plate, until all the water of crystalliiatiia 
of the acetate has been expelled, and the mass has become dry and 
friable. Charge an ignition-tube 20 c. m. long with the drj' powda, 
Flff. fiS. heat it above the gaa-lamp, and 

collect the gas at the waler-pso. 
Mntsh-gaa is evolved fronL the niii- 
ture, at a temperature below rad- 
ii and a residue of sodiam ca> 
bonato ia left in the ignitioa-tnbe. 
The purpose of the lime ia to ren- 
:he mass porous and infusible, 
'urly infusible, so that the tube 
may be heated equably. The re- 
"action may be represented aa follows : — 

NaCftO, -i- NaHO = CH. -J- Na,GOr 
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21G. MarBh.-g'&B is tTansparent, colovless and little more than 
lialf aa heavy as air. Next to hydrogen it ia the lightest known 
Bubstance, its specific gravity being only 8. It takes fire readily 
■when touched with a lighted match, and bums with a bluiah- 
jellow flame. 

217. That marsh-gas really contains hydrogen and carbon 
may bo readily proved by bringing into play, nnder appropriate 
eonditiona, the strong afBnity of cldorine for hydrogen. 

Bzp. 99. — Fill a tall bottle of at least one litre capacity with 
warm water, invert it over the water-pan, and pas« marsh-goa into 
it, until a little more than one-tluid of the wnicr is displaceil ; cover 




CHLOROFORM. -ILLUMIXATIXO G.: 

e bottle with a thick towel, to exclude the light, and tben fill the 

it of the bottle with chlorine. Cork the bottle tightly, and shake 

1^ -vigorously, in order to niii the gasus together, keeping the buttle 

ways covenjd with tlie towel. Filially, open the bottle and apply a 

t to the mixture. Ignition takes place, chlorhydric acid is pro- 

Siced, while the sides and mouth of the bottle become coated with 

I carbon in the form of hunp-black. The presence of the acid 

T be proved by tha amell, by its reaction with moistened lilue 

a-pajjer, and by the white funieB which are generated when a 

1 mointetied with ammonia-water is brot^ht in contact with Iha 

Baping acid gas. 

<. Chloroform (CHCIJ. — When chlorine is allowed to act 
y on mawh-gnB, there is formtsl, besides carbon quadricliloride 
aj, a compoimd having the formula GHCl, and called chloro- 
CUorofona (CHCy may be regarded as marah-gas, in which 
1 atoms of hydrogen have been replaced by three atoms of 
ine. It is moDufactured in practice by distilling dilute alcohol 
" chloride of lime." Water and chloroform come off together, 
o not mix in the receiver : the chloroform, being the heavier, 
to the bottom, and may be withdrawn and purified, Chloro- 
!i colorless, volatile liquid, the vapor of which when inhaled 
9 temporary insensibility to pain, and on this account it is oeed 
%. Blithest operations. 

Ulamiiiatiiig Gas. — The principle involved in the 
laiiufacture of illuminating gaa has already been illustrated 
b Exps, 66 and 66. Illuminating gaa is ordinarily prepared by 
itilliiig bituminoua ctjal ; other aubataaces made up wholly or 
in part of compounds of hydrogen and carbon, such as wood, 
oil, resin, petroleum and even bones, are sometimes used. Kg. 
64 flbowa in a. general way the processes involved in the manu- 
facture and purification of coal-gas. 

The coal is introduced into the retorts, C, which are cjhndrical o» 
aemi-cylindrical tubes of clay or iron, arranged in seta of three or 
five, or even more, and heated by a coke flre burning on the grate- 
Iiare, A. AH the products of the distillation, except the coke which 
remains in the retort, are volatile at the high tempierature employed, 
and pass np the vertical pipe, T. The relative proportions of these 
products, and to a certain extent their character, depend on the 
(quality uf coul employed, and on the temi)eratiu« at which the dis- 
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n takes place : it may, however, be Raid in general te 

e proJiicta, when cooled to the ordinary temperatUTB, iire of thi'ee 

Is, — aoUil, lii|uiil and guaeoug. 

The gaset obtained by tlie dietilktion of cool are uia»b-gas, 

r olefiant-gas (§ 269), carbon protoxide, carbonic acid, hydrogen, uitro- 

gen, aqueouB vapor and hydrogen sulphide ; the iinuid portion ot the 

\ distillate comttats of an aqueous solution of amiiiuniuiu carbonate, 

I aalphide and aulphocyanidi^ certaiu liqnid hydrocnibons, suuh ua 

izid, toluol etc., which will be conxidered hereafter (§ 264), ami a 

ii-li(iuid or vieuaus tar. The solid proiluct of the distillation of 

a the coke left ill th« retort. 
Ill the pruduction of gae, all the volatile products of the dietUladon 

up the pipe, T, which ia curved at its upper extrumity, mid dips 
o water iu the " hyiliaulic maiu," B. In this water a portion of 

I and aqueous vupor is condensed, and the unimoniocul saltH are, 

1 part, dissolved. The gaa then passes alternately up mid down 
rh the cooling pipes, D, called the " uonde users," and Bufiera 
t coiidsuaatiou, th« remaining tar and the liquid byilrocarbona 

Ijeing deposited. The gaa is often further purified by jiasatng tlirough 
a tower, 0, filled with fragmenta of coke, over which water triuklea, 
the water absorbing the luumoniacal aalts still present The pis then 
passes through the purifier, M, where it comes in contact with slaked 
lime and is freed from hydrogen sulphide and most of its carbonic 
aeid, and tlience into the gas-holder, G. Tlie lime in the purifiers is 
sometimes replaced wholly or in part by dry ferric hydrate, which 
retains the hydrogen sulphide. 

220. After purification, the gaa as delivered to the consomer 
consists mainly of matsli-gas, hydrogen and carbon protoxide, 
— the marsh-gas nsually amounting to abont one-third part 
of the whole gaa. These non-luminous, or very feebly Iiuni- 
Tiniis gases, serve as carriers of the six or seven per cent of real 
li;il it-producing ingredients which are contained in the gas. 
This mixture of light giving ingredients is exceedingly complex. 
The vapor of benzol, no doubt, plays a prominent part ; some 
•A the higher inemberH of the marah^as series lend their aid, 
and a hydrocarbon of composition CjH,, calleii acetylene, ia 
important and very generally present. Sometimes a little oiefi- 
aot gas (0,H,) ia present, bul the old view, that this substance 
constitutes the chief luminiferous ingredient of coal-gas, ia no 
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H The taai-tar obtained a« a waste product in the gas raaimfactnre ii 

H a verj complex Buhstaiic& Among other aubetancea It cDiituiM 

H iaaol, useit iu lite niatnifactaire of oujliiie colors, and auilint iUelf 

H in veiy taiiill [irojiorlion ; from it is obtained the pitch used as a. roof- 

H ing mutual and for eidewaUu. 

I 321. H&nh-fU ia the fitst of a series of hydrocaiboiu, 

H each member of which differs in formula from the preceding 

K one by CH,. This series may be arranged in tabular form, ai 

■ follows:^ 

W Mmiwh-tam 8eil«a. 

Nunc. Pormala. Boils it tlwd 

Methyl Hydride, or Methane. CH3.a = CHi [a gas] 
Ethyl " or Ethane. C^i.H = O^B, [a gas] 

Propyl " or Propane. C]Hi,H = CM» —30' 

Butyl " orBntane. OiH,,H = CjHio 

Amyl " or Peataae. CiHii,H = CsHu 30 

Hexyl " iir Hexane. CcHis.H = C|Hit SO 

Heptyl " or Heptane. CvHis.H = 0-Mn HD 

Ootyl •' or Octane. C^Hit.H = CjHib 120 

Nonyl " ur Noaane. C)Hii,H ~ CtHjo ISO 

It will be obaerveil, that, while each member differs from the pre- 
ceding one by CH,, there is a difference of about 30° in the boil- I 
ing-pointa of snccesEive inembeis. Many of the hydrouirbDns of this 
s occur in the " coal-oil " obtained by distilling bituminous coab 
and Bhalea at low temperature?, and also in petroleum. 

22. Fetrolenin (literally, rodyoU) is a not uncommon natnisl 
prodHct found in various parts of the world. In some cases it 
rises to the surface of the earth, but it is generally obtained by 
sinking wells into the rock strata in which it occurs. On thia 
continent it is already found in large quantities in Pennsylvania 
and in Ctinada. In some of the wells the oil rises to the sui- 
iace, being forced out by the marsh-gas which accompanies it ; 
1 other cases, the oil does not reach the sur&ce, and must be 
pumped oQt. 

223. Petroleum is a thick, greenish, oily liquid of somewliat 
varying composition. The Pennsylvania petroleum is mainly a 
mixture of hydrocarbons of the marsh-gas series from C^j to 
C,H„, together with other hydrocarbons of high boiling-point 
belongii^ to the so-called olefiant gas series (§ 259). Manh- 
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! itaelf, aa has been stated, accompanies petrolBiint, and in 
Bome localities it issiiea from tlie griwiid in audi large <)uantitiea 
that it is used for illuminating purposes, A portion of Fredoiiia, 
I in the State of Kew York, Laa thus beon supplied witli natural 
years. 

224. Ju^t ft3 marsh-gaH was regarded as thu hydride of a railiual 

methyl (C^), so the other uieiubers of the series may be regarded 

hydriJea of other tadiiala, ethyl (C^J, jiropyl (C^), etc. 

a radiuda are wdvalaU (§ IM), tuid when they am obtained in 

e free state, they form molecules built ou the tyjie of Tree hydrogen 

S^ : thus free ethyl is (C^^),. Besides forming byilritloa, these 

dicab enter into a, variety of other compounds in whicli tliey re- 

i hydrogen atom for atom. Among these compounds are the 

lydiates. These hydrates are formed on the type of water and cone- 

1 formula to the hydrates of sodium and potassium, bodiea 

uly somewhat familiar. 



II 



Ethyl hydniU. 



The hydrates of these radicals may be obtained from the hydrides in 
s somewhat indirect manner ; tliey are, however, ordinarily obtained 
from other sources, as will nppeiir liereafter. Ethyl hydrate is ordinary 
alcohol (the formula, (C^j) HO, rep resenting the strongest or o6«o- 
tute alcohol). We now proceed t« learn eomething of the prepaiation 
and properties of thia important derivative of one of the luembers of 
the marsh-gas series. 

225. Alcohol (c,H„HO). — When the juices of plants or 
of fruits containing sugar, such as the juice of the grape, are 
kept for some time at a temperature of 20°, a peculiar chan^ 
takes place. The liquor begins to wwri, bubbles of carbonic 
acid (CO,) are given off, and it will be found, finally, that the 
sweet taste of sugar has disappeared, and that the solution now 
has a new ameil and taste ; by the fermentation, the sugar has 
been converted into carbonic acid and alcohol. The same 
change may be brought about in a simple solution of grape- 
sugar luider the influence of yeast (Exp, 79, § 193). 
Teast is a collection of organized bodies, a sort of fmigus or low 
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fonu ot vegetable life. This fungus is nicule up of c«lls i( 
aiitl multiply in the fermenting liquid, and its existence in s uc^siq 
BeeBiH to be a necessoiy condition of fcrmeutatiun. The appBieatb 
spontaneous fermeutatjon whiuh takes place in the Juice of fniiCa ^ 
explained by snppuaing thut the tpttres or genus of snch a plant ■ 
introduced from the air, the decay of certain albuminou 
the juice farniahing lavorahle couditiuna for the reeeptiui 
of the I'uiigU;^. 

22G. Alcohol is a colorless, volatile and inflammable liquu 
lighter tiiun water and capable of mixing with it in al! 
portions. 

The volatility and inflammability of alcohol have idreaity 
illustrated in Exp. 84, §202. The prodnction of akohol as & redj 
of fermentation may he illuBtiated by a repetition of Exp. 79, \ 193 
under somewhat different conditions, as follows : 

, ^^'^ ^' Exp. 100, — Dissolve M gnns. of graft 

^ 1 sugar in 4(10 c. c. of water, and with lla 

W I Bolutiou fill a flu5k of 350 

H I , I capacity nearly to the neck. Add tw» 

J^L 4v \ or three teaspoonfuls of &esh brewets' 

^ jj^ aB^ fflB bakers' yeast, and then connect the ^ 

^^■-UB^fM with a bottle filled with water, as repi 

HiHBI^HwB sented in Fig. 55. Put the whole ap] 

ratns in a warm place. Fermentation wQl soon set in, and hubhl 

of carbonic acid will be Been rising through the liquid. A» this f 

collects in the upper part of the iiaak, it wdl pass over into the am 

bottle, and force out a corresponding umoimt of water. When 1 

bottle is full or partly full of the gas, remove the stopper, and pre 

the presence of carbonic acid either by means of a burning mat 

which will be eitinKuished (Exp. 76, § 190) or byraeans of Ihne-wal 

which will be rendered turbid (Exp, 73, § 188). Allow the liqnid 

the flask to remain in a warm place for about 48 hours, when 1 

aweet taste of the sugar will be found to have wellnigh disappeai 

aa the sugar will have been converted mainly into alcohol and a 

boil ID acid. 

This experiment :nay be performed equally well by substitutiag 
or 60 grms. of ainip fur the 30 gmw. of grape sugar. 

227. To separate the aloohol fro^u the liquid in which it L 
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beun iiirmed by fcnnemtatidti, the liquid is subjecUMl tu diBtilla- 
tiun. Tlie boiling-pinnt of alwliol is about 20° lower than tliat 
of water, and consequently all tlie alcohol will be found in the 
first purtioii of the dislilliite. Dy seveiul Buccessivu diatillutiotis 
■ tha altoho! may be obtained nearly pure. 

' Bip. 103. — Pouriiffone-hnlf of thefenaontedliqiiorof E»p. 1(K1, 

ami h-,.|VB it for Exp, Hl6 ; with the remaiuiler proceed m followa : 
^'■"]'{H'\y (he fliisk on the iron lamiJ-stuiid, ainl, by nieanB of a duliverv- 
iiil... hf So, IS glass, connect it with a second fliwk capable of huiain^ 
"li- iliinl of the liiiuid and placed on a wnter-hath, us n-presenteJ 
"' Fi-. 0(5. From this p^^, 55. 

*'■'■ I fia.ik a delivery- 

'iilv in tarried toasmall 
Buak kept coul by im- 
' Dersiua iu cold water. 
Ilmt the liquid in the 
lai^odt flask, so that it 
jrut boila ; the vapor of 
nlcohol, to'^ther with a 
certa in amoo n t of f^team, 
passes into the second ( 
flask, which is kept just 
below the boiling-point of water by being supported on the water- 
bath in which the water barely boils. At this tempentture a con- 
siderable portion of the olcobul, together with some water, passes 
over into the third flask, where it is comlensei!. Continue the opera- 
tion until about one-thinl of the liquid has possefl out of the larcie 
flask. The liquid ubtnined in the third fla^k is s dilute alcohol ; the 
odor of aJ(!ohol ia distinctly perceptible, but the alcohol may not he 
etrong enough to bum. In that cose su[>port the thiid flask on the 
wire-gauze over the lamp, and connect it by means of a delivery-tube 
Willi another small flank, which is kept cool. Heat the contents of 
the flaek gently until they just boil, and transfer the first teospooaful 
of the liqiud which condenses in the cooled flask to a porcelain diah. 
If the experiment bus beeu BuccessfuUy conducted, the alcohol thus 
obtained will be strong enough to take fire if a flame be brought into 
contact with it. 

The alcohol obtained by successive distillations of a dilute ' 
^Goholic liquid still retains a ceitaia amount of water. This 




water tony be removed by adding quick-lime, a snbal 
hiia a great attraction for water, and 
iUcohol perfectly unhydrous is coUad absolute ^ohol, 
IiiiBod to the air, it attmcts inoistnrt). Urdiiutry etning 
contains about 10 ])er cent of water. 

228. Exp. 101 affbrda an excellent example of what is knQ 
fractional diatillatioii. When the boiling-points of several | 
ilill'er by a. considerable nuiuher of degrees, they way thus W 
nited from eacli other in a tolerable Blate of purity by ohaervii 
temperature of the boiling lii^uid and collecting by themselv 
' sticcessive portiona of the diatillate whiuh come off within a 

narrow limiU of temperature. In operating with very volatile lid 
it is well to iDterjjosu a cooling apparatus between the retort, opj 
and the receiver. Fig. 67 contains a repreaeutation of the so-d 
Liebig's condenser alluded to in § 32. 

I 

^^^^^Tho manufacture of burning oil from crude petroleu 

example of fractional distillation. When petroleum is distillf 
ftrat portion of the diatillate consist* of very volatile hydro 
known by the general name of no.pklha. The less volatile com 
which next follow forra the " farogenit oil " or "petro/eujn oil" 
merwi. The friglilfu! accidents arising from the use of keroM 
due to the fact that the oi! is often imperfectly freed from, < 
posely adulterated with, the more volatile and inflammable 
carbona. All these volatile hydrocnrlionB in the state of vapa 
explosive mixtures with air ; and such exploa 




ALCOHOL. 

b le formed in veaeela or in lamps only partially full of Uie volatile 
I liquids. 

L modificntioQ of this process, " fraotloiial condensation,' atfeuts 

e complete sepuation. In this proueaa tli<: vupors, after iMving 

e retort, pass upwards through an inverted '' worm," the tempera' 

e of nliich is m regaled that the lesa volatile bodies are almost 

condensed, and so made to flow back iuto the retort ; while 

e volatile vapors go tbm'anl, and are condensed i 

a appropriate r 

Fix- SB. 




339. Alooh.01 is much used in the nrts ; it forms the baeiB of 
all fermented and distilled, liquors ; it is employed as a conven- 
ient fuel, and, when mixed with benzol, oil of turpentine or 
other hydrocarbons, for the production of light. It is also 
valuable as a solvent ; it dissolves many Bubstancca such aa 
resins and oils, which are insoluble in water : thus, ahellac-var- 
nish is an alcoholic solution of a peculiar rosin known as shellac ; 
the tincHrea of pharmacy are alcohohc solutions of medicinal 
principles. 

The fonnula of abeolute alcohol is C,^0. It niav be regarded, 
as baa been said, iis a hydrate of the radical ethyl (C^j), and mny 
be written (C^^ HO. As alcohol is a hydrate of ethyl, so there 
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e hjdistes of each of ihe radictils of ibc marsh-gaa 8 



Methyl Alcobol 


. CB,HO 


r CH.O, 


Ethyl 


C^HO 


c^o. 


Propyl ■' 


C,H„BO 


OAO. 


Butyl 


C,B,KO 


C.H,0 


Amyl 


O.H„HO 


C.H,0. 
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230. Uethyl Alcohol (CH„H0) resembles ordinary (ethjl) 
nlculiul in being a liglit, colorless, infla.mi na.hlp liquid, 
bled alcohol alito in its solvent powers, and is used in its stead 
i'or many purposes, such as dissolving shellac It is prepared hj 
the destructive distillation of wood {§ 282), and ordinarily M 
tains certain impurities, which give to it an empyreunmtio wlor. 
It is commonly known as wood-spirit. Methylated ipirit ii 
ordinary alcohol, to which a certain amount of methyl alcolioi 
baa been added ; this addition does not interfere with the use of' 
the alcohol for many purposes to which it is applied in the ttrt^ 
but renders it unfit for drinking. 

231. Amyl Alcohol cr rnsel Oil (c^,,,HO) is a colorleai 
liquid of disagiisealile odor. It will not Tniv with water, and it 
not reailUy inflammable. It ia formed in the manuiacture ^ 
brandy and whiskey from potatoes and grain, and, as it l 
a boiling-point much higher than tljat of ordinary alcohol, S 
may be separated from alcohol quite completely by the methoa 
of fmctional distillation. Fusel oil bums with a somewl 
Bmoky flame, and is principally used for porposes of iUomifd 

332, Ether. — ■ When a mixture of strong sulphuric acid a 
alcohol is heated in a retort, 4here distils over with water, 
highly volatile, inflammable liquid known as ether. The d 
late, which must be condensed in a well-cooled receiver, i 
rates into two layers ; the ether being almost insoluble in 
water and lighter than it, forms the upper layer, and may I 
drawn off neariy free from water. The last portions of wal 
are removed by allowing the ether to stand over quick-lime, a 
t^en disUlUng, 



^ OXIDE OF £THl'L. ^^M 

The reaction between U>e Eulplmne acid and «kiiibol Dur be rrp- 
rtsvnted as taUng place la two sisige? : — 

(1.) (C^«0 + HjBO, — HvC^JSO. -f H,0. 

AIlcjuL SoJj.hHh.: Hjjinwn EUijI V.us. 



(2.) H(C^i)SO. + (C^i)HO = (C,B 
Hjilnnfai Ethyl Alcohol tu 

nt!phAt£^ 



- H,SO,. 



L 

I^The alcohol and salphttric acid are mixed in eqniviJent propoi^ 
(ions, and as the water and ether distil otL, the loss is supplied l.y a 
Btrann of fruah alcohol flowing slowly, but without inltmiption, into 

the retort The operation thus goes on continuously. 

E:^. lOa — Into a small test-tube put 10 drops of ordinary alco- 
hol and as much strong sulphuric acid, and heat the mixture gently 
over the lamp. Ether will be formed, and may be recujjniied by ita 
peculiar odor. 

The student should never attempt to perform any erperiment 
requiring more than a Tery minute quantity of ether, wnce it is 
highly dangerouB to work with this snbstance on account of its great 
I'Tolatility, and ready inflammability. 

■ 333. Ether is a coloriesa, very mobile, volatile liquid : it pos- 

RsBses a powerful odor, and, when inhaled, produces insensibility 

to pain ; hence it is used in surgical oporatioos. The ^-apor of 

ether is very heavy and exceedingly inflammable, and in certain 

proportions forma an explosive mixture with air. 

a J. 103. — Pour a small quantity of ether into the palm nf the 
i, and observe the ropiclity with which it evaporates, and aluo the 
(1 produced by tbia evaporation. 

:p. 104. — Info a tiunhler or other vety wide-mouthed vessel 
put a few drops of ether. Cover the vessel loosely, and allow to 
Btand for a few momenta ; then bring a ligbteil mntth to the mouth 
of the vessel : the heavy vapor of ether will have displaced the air 
in the vessel, and will take fire at the mouth of the vessel with a 
sudden flash. 

234. Ordinary ether ((C,H,\0) ia an oxide of the radical ethyl 
jp^^. The corresponding oxides of the other radicals of tlie 
jh-gas series are classed together luder the general name of 
; thua : — 










wilh hydrugo, to form i^l^ide^ with oiyl„ .J, , '"°'>- 
and mil ijdng.n uid oxygen to fo„, Aj,j„, °f? " 
can fuini wi(* corresponding to the vwious aoida Th 
ihoBE sa!u may be wiitten hy replachig the hvrtr' < 

th. diJerent nidicJ.. Thn. othjl .niphate "^SV^ 
titrato i. (CA)HO.> »•%' '"oride i, ca.Cl . VS, 
i. (Cftj^i ,md «■ "t. In the c.,, „, ^„ „id'llte 
Uining two replaMoUa atom, ol hydrogen, there oan be f„ 
like hydrogen ethyl ."lplf'« HIC^SO. corre.po.di; 
to hydrogen potasainm .nlphate. HKSO,. 

Mercaptarw. — Among the oomponnda of the radical of 
ga. .erie., may he mentioned the meixaptan.. These 
coriespond in formula to the iJcohok, except that the ox 
placed by aulphur : they may he regarded a. derived frou 
.nlphide, in the wme way that alcohol is derived from wat. 

Water. Ethyl alcohol. Hjdrt^n anlphido. Ethvl 

The snltB of the Tnrioiis radicals are often callerl oi 
ethflia; methyl chloride is called methyl-chlorhydric et 
Bulphate is called ethyl-i>iilphurie ether, ot simply sulphi 
(The term "aulphuric ether" is sometimea used to denoti 
(ethyl) ether. Thia desijinatioii is, however, improper, as 
ether oontaina no sulphur whatever.) Several of these i 
ethers are mannfactured in large quantities for the preps 
perl'umery and flavoring extracts. Thiw amyl acetate, nr ai 
etlicr (made from fusel oil), haa the odor and taste of the 
pear ; amyl valerianate has the aincU and tarte of applt 
tiiown as nppk-oa; ethyl butyrate has the flavor of pine-a 

The preparation of one of these compound ethers, ethj 
may he illustrated by the following eKperimeiit, 

Exp. 105. Into a small leat-tube put 10 drops of orilinar 
and the same amount of strong sulphuric acid. Add a c 
eodiupt aoetfcte aa large as a small pea, and b^^^m 
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^luT, ethjl acetate, is formed, and may be recogiiizol by 

•I" Acetic Acid (C^,0,). — When the alcoholic liquiii 
I' by the fennejitatiun of the juice of grapes or other 
is exposed to the air, it gradiially becomes sour, mid is 
nlly converted iiito vinegar. Under the inHtience of the 
b of the air, the alcohol cbouges into acetic acid. Tine- 
^ very dilute solution of this acid, containing about 2 to 4 
nb of the acid, together with coloring matter, and varioiia 
ImpuiitiBB derived from the juice of the fruit from which 
g^epared. 

JL'IOG. — Allow that portion of the alcoholic liquor of Exp. 
Inch waa not diBtilled to remain for a number of days in a 
^-covered veeseL The liquid will gradually become bout, and 
« the tuate and Emell of vinegar. The alcohol haa been con- 
i into aoetio acid. Preserve this acid liquid for use in a Bub- 
It experiment 

isgar as has just been eeen, mov be produced by allowing an 
Hic liquid to be ome 8)ur gradnally by e\p( aiire to the air w 
(bctly closed vessels. On the lar^e suile, ]io»e\er it la gen 
l^nade by alloiving the air to have fik S0 

^ weak elcobol, spread in a very 
^yer over a ver} great surface 
operation ih conducted in lai^e 
(filled with wood Bhavmga over 
{ the akoholic bquid (as ciler, 
Ky or irandy ddnted with water) 
f tncklea The cask la furnished 
\ Mse bottom and uith a bead 

i with amall holes which serve 
tobute the alcohol evenlj over the 
r enteiB the cank throuih 
a and esLapes tbr iMh 

s (c c «), and thrnut,h m\ nl 

i\Br of the cask The 

5 which runs out f the cask mn^ 

3 the to] unhl after parsing through the cw.k 'ieieral 
j the alcohol is entirely converted into acetic acid The cask 
e of auib size, and the flo« so I'egulated that the con 
It of the alcohol to vinegar is complete a[t«i o' 
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ri't:.- FATTY ACID SERIES. 

a which take place are as follows 
hoi nniltrr the intiucm/e of a little yeaet, Inxiu; or grape su^, willi 
which it b mixed, has a gre«t tendency to absorb oiygeu from th« lii, 
ami b« coiiTerted into water, aotl a new cumpouotl. aldehyde. 
C^,.HO -^ O 

AJdehyda is an DUfrlable compound which oxidizes veiy readil;. 
A» it pasi«» over the shavings, the oxygui of the air ccuaiia in conlwl 
with it over a very great surface, and it is rapidly converted mU 

C^,0,H + O = C^,O.HO. 

Aldthyde. AiMlic acid. 

Aldehyde it a veiy volatile compound, and ou this aoconnt, luden Su 
aopply of nir fiimistied be abundant, a considerable luas of alooliol n 
experienced in thip process. 

230. Chloral or Trichloroldehyde (C,CI,OH}. — By replsdi^ 
three atoms of byilrn'^cu in thu fonnula of aldehyde by as wan] 
atoms of chlorine, the fonnuln of a body known as chloral b ob- 
tained. This compound is formed by passing chlorine ihroagii 
absolute alcohol. It is an oUy fluid, which unites with a small qnui- 
tity of water to fonn a crystalline hydrate, much used of late in 
malieiiie (o induce alcep. 

237. The formula of aootic aold 1b C^,0, or, written on tilt 

tyiie of water, ^ [ O, an atom of hydrogen being replaced \ij 

a hypothetical oxygenated radical, C,H,0, called acetyl. 11i» 

radical has not been isolated : its chloride, however, is known. If 

this hypothetical radical acetyl, C^O, lie compared with ethyl, 1 

C^. it will appear that two atoms of liydn^n in the latter arw rep- I 

reaented by one atom of oxyijen in the former. By the xiniilar device I 

from may be derived tlie hypothetical radicjd of I 

Methyl CHj Formyl CHO rormio acid CH.O, I 

Propyl C^, Propionyl C,H,0 Propionic acid C^,0, 

Butyl C,H, Butyryl C.H.O Butyric acid C,H,0, 

Amyl C^H„ Valeryl C^HjO Valeric aoid CjH„0, 

Etc. Etc. Etc. 

Acetic acid is thus due member of a aeries of acids ; they 
are called tbe fatty acids, and several membera of the series are ' 
of very groat industrial importance. 

238. Acetic acid ia one of the products of the distillation 



ACETIC ACID —FORMIC ACID. ^^H 

F woofl (5 882), and, thua obtained, it is knowu in tlie cnidQ 
^ pyraligneons aeid. 
Tbe pure aciii is obtained by acting on some acetate, as aodium 
, with eulphuriu acid, and then distiliing the mixture. 
) ordinary temperature, acetic acid is a volatile liquid 
ing a pungent odor, but at 17° it becomes a traiiBparent 
hence the name g'lBoi&l aoetio aoid applied to tbe 
)ngest acid. 

07.— To the acid liquid of Eip. 108, or to 40 or 50 c c. 
n vinegar, add powdered chalk (lalcium uarbonate) as long M 
; addition causes efferveaveuce. Calcium acetate ia formed and 
B disaolved in the liquid. Filler the Bolutioii, and evaporate 
« flltraCe to diyness at a gentle heat. The solid residue ia an im- 
n acetate. Place a portion of this calcium atetate in ft 
U tcHt-tube, and heat gently with a few dropa of strong Hulphurio 
Actitic aeid will be set free, oiid may bo recogmzed by its pecu- 
t odur. If ordinary vinegar be used in tbia eiqwriment, it will be 
T to decolorize the solution of calcium acetate by mixing it with 
ered Itone block before fiiteriug (see Exp. 72, § 185). 
e acetates are important bodies, and many of them are used 
i arts and in medicine. Aluminum acetate is useii in dyeing 
L) ; lead acetate is familiar under the name of sugar nf lead; 
T acetate is known as verdigrU ; ethyl acetate is arctic cOinr. 
9. Formic aoid (CH,0,), another member of the fatty 
1 series, is secreted by ants, ami was lirat obtained by dis- 
3Iing the bodies of these inseots : it hears the same relation to 
methyl alcohol (CH,0) that acetic acid does to ordinary (ethyl) 
alcohol, and may be prepared by the oxidation of methyl alco- 
hoL Formic acid ia interesting because one of its salts, potas- 
rium format*, may be readily prepared from what are usually 
classed as inorganic substances. 

If moist caustic potash be exposed to carbon protoxide at a teiu- 
Jicratiire of 100°, the gas is slowly absorbed, and potaaoium for- 
mats is produced : from potaeaium formate thus made the acid itself 
may be indirectly obtained. 

H(° + CO _ ,^5,J0 

Cu-boD protoiids, Potatiimo fanniilo. 



ATlltAL FATS AND OILS. 

Tormio aoid ia one of a vast numbei of compounda 
fonneriy were supposed to be produced only through tho agenuj 
of living oi^nisma, but which now can bu niiide in tlie labora- 
tory truui inorguuic aubstanci^ This eyotiictical construction 
of ao-calle'l organic BubBtanuas has contributed to obscure tie 
diatiiictiun formerly drawn between oi^auic anil inorganic ebeiD' 
isti;. 

240. One of tbe salts of fomiic add win serve ai an excellent 
illoBtnition of the value of Tatmwl fonnul» (§ 1 62). The formula of 
metliyl formate (C^,0^ ia the same as that of xoetio acid, 
and ihe tmpincal fonuuJua afford no means of distinguisliing be- 
tween these two Huhstonces ; if, however, methyl furmate be written 

*,™°^^ i O ""1 "'^tic acid, aa before, t^^O) | ^ ^j^^^ formula 
(CHJ ! H ) 

represent to the mind two distinct bodies. As t!ie properties of the 
two Hubstancea are very different, we naturally seek to account fw 
■uch different niuuifestatioiiB of the same elements in 1 
portiona by imagining some difference in the arrangenieot of tbt 
atoms within the molecule ; and, although we ciiunot kttoai what this 
arrangement is, we can recall by the rational fonniiliG Boiue of the 
leactiona which occur in the formation or the decompoaition of the 
Bubstances in <]uestiim. Bodies which like acetic acid and methyl 
formate have the same ultimate eompomtion are called laomeilo. 

Other acida of the fatty acid aerioa will be broTight to our 
notice by the study of a very important natural group of orgauip 
compounds, that of the fats and oils. 

241. ITatnral Fats and Oils. — The various tate and non- 
volatile oils obtained fi-om both the animal and the veyetoble 
kingdom are in the main mixtures of three well-dofined bodiei, 
two of which, fltearin and palmitis, are solid at the ordinaiy 
temperature, while the third, olein, ia liquid. 

Exp. 108. — Expose a test-tnbe full of olive-oil to cold by sup- 
rounding it with a mixture of salt and pounded ice. A portion of tbe 
oil soIidi6ea, while another portion remains liquid. Tlio polid portion 
is mainly palmitin, the liquid, olein. 

Olive oil conaiBts essentially of olein and palmitin ; beef-tal- 
low Is mainly BtBorin ; lard is mode up of oiein and palmitin ; 



yUFACTURE OF SOAP. 




r ia oldn, palmitin, together with eeveral otli 
I iais, to which its taste and odoi are due. 

The iJiemical constitution of these hodies may be !n3t represented 

I 'by the use nf typical fonuulie. Stearin is a salt of ateario add, and 

I may be regarded aa built upon the type of three moleculea of watej' : 

kits formula may be derived irum tliat of stearic acid by auledtuting 

IT three atoms of hydro^u in three luoleculea of the odd one atom 

S the trivalent radical gl7oeryl (C,B^, thus : — 

T^pe- Slatir acid. Stamn. 
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[ Stearin is glyceryl Htearate ; similarly [Uilmitiii is glyoeryl 
oltate, and oleiii ia glyceryl oleate. Oleic acid dues not 
g tu the same seriua with stearic and palmitic auida ; hut, fojni 
'e of the uleates and the stearates, it ia uou- 
niently introduced in this connection. 
142. The various fats and oils are insoluble in water ; they 
', readily dissolvod by certain liquids, such as ether, 
"benzol, oil of turpentine, etc. 

Ear, 109. — Fill a anisll bottle half full of water, and pour in a 
few drops of olive-oil. The oil remains on the top of the water, and 
ia not dissolved by agitating the mixture. 

Xixp. 110. — Into a small bottle put two teaspoonfiila of concen- 
tcated ether, and add one quarter as miiuh olive-oil. Cork the bottle 
lightly, and shaie it : the oil is readily dissolved by the ether. 

243. Haaufactnre of Soap. — Very great industrial impor- 
tance attaches to many of the natural fats and oils on accoimt of 
their uao in the manufacture of soapa and " atearine " candles ; 
in both uf these industries, a hydrate of glyceryl. 



(C,HJ ) 



O.. i 



secondary product. 

of soap may be illiistrated by the following 



The manulacti 
experiment ; — 

BzpL HI. — Dissolve 15 grms. of sohd caustic soda in 120 c. c. of 
water. When the suspended impurities have settled to the bottom 
of the solution, pour off one half of the clear liquor into a deep iron 



ot pmelaia Aidi of it l«Ht M& b. a. eapHitjr (teo Apptndix, § H); 
add on equal bulk of water, and 6U gnus, of beef tjillow. BHng ik 
nurture to boiliug aud boil it ateadily for three qiiurteiB of au lioiM, 
supplying fivm tiuit to time tbe water lout I)/ evaporation ; then aiU ; 
the reinainiler nf the aolutiuu ••! caustic soda, and continue to bo^ 
Et^adily fur aii hour or more, allowing the llq^uid to become boh 
more concentrated towards the end uf that time; theti add SO 
of fine salt, boil for a minute or two, and allow the liquid to cooL i: 
part of tbe moefi become'! Etnlid, and rises to the top ; it is liard aoi^ 

The chemical actbu is thus explained : wtieu tallow (glj'ce'ji 
stearate and oleate) is boiled with sodium hydrate, theie is formal Bt> 
dium atearate (and oleate) and glyceryl hydrate. When common nUi 
is added, the eon]] (sodium Hteamte and oleate), being iiiaoluble in thf 
saline liquid, acparates as a solid. The liquid remaiuing contains i> 
solution the excess of sodium hydrate employed, as well as ibe ei& 
and the glycerin. 

Soap may be made more quickly by using castor-oU instead of beet- 
tallow. Mix 100 c. c, of castor-oil and 100 c. c of caustic sodasolu^ 
prepared as above, and boil for 30 minutes. Then add ISO c cof 
water, bring to a hoil, and add 20 gmis, of salt. Tbe soap rises 
top and may be removed when cold. Castot-oi! is mainly glycei^' 
ricinoleate ; the chemiual change is similar to that just described. 

Exp. 112.— Heat some of the soap of Exp. Ill with soft water. J 
nearly cleuc solution will be obtained if the decomposition of th 
tallow or oil was complete. Add dilute clilorhydric acid tmlil dl 
solution ia decidedly acid, The liquid will become turbid, aod d 
standing, will become covered with a layer of a fatty substance whid 
ia a mixture of stearic and oleic acids (or mainly ricitiolcic acid il 
castor-oil was used). The sodium chloride formed will be held I 
solution by the liquid. 

Other basea besides caustic aoda may be used to olfect tl 
deoomposition of oils or fats. If caustic potash be used, b, « 
map ia former! ; if slaked lime be employed, there is formni 
lime soap, calcium stearate, ptc, insoluble in water ; if lal 
oxide l>e used, there reaiiltii an iiiHoluble lead soa]) used in med 
cine under the name of lead plaster or diachylon. i 

244. In Exp. Ill, one of the products of the reaction, glj 
cerin, remained dissolved in the solution of sodium chloride a"^^ 
hydrate. This subfltaiice may be prepared aa follows : — 



~ yiTRO-OLrcjuiix. 



Bsp, 119, — Into a deep porceli 
and 75 c c, water. Into tbis niistu 
boil the uiiiture steadily for 5*1 or 6 
and occasional ttdditiou of water to 
The oil V9 gradufdly deu 
plaster) is formed, mid thi 
lighter. When the oil seei 



dish put 50 grms. of lithai^ 
; niisture stir 50 gnus, of oHve oil, and 
5*1 or 6ft minnUs with conHtunt Blirring, 
iter to j^eplace that loet by evaporation, 
ipoeed i an insoluble lead soap (lead 
lolor of the muss in the dish becomes 
to be entirely detomposed, pour off the 
liquid portion through a filter, add 50 o. c of water to tlie lead 
plaster, boil for five minutes, and pass this li([Bid also tliKmfjh the 
filter. The glycerin is disMlved by tbe water, and with it passes 
throogh the filter. Evaporate the filtered liquid to dryness at a gen- 
tle heat : the glycerin will remain as a sirupy, nou~volatile liquid, 
having a. sweet taste. As the amount of glycerin obtained will be 
very email, it ia well to transfer the solution when nearly evaporated 
to a watch-glass, and to tiniah the evaporation on a wuter-buth. 

Olyoerin, when pure, ia a colorless, sweet-tasting, sirupy 
liquid, which mixea with water in all pryportiona. When 
heated in the ait, it ia Blightly volatile, but cannot be distilled 
without decomposition, and the formation of vapora of aorolein 
very irritating to the eyes. This same substanue is formed when 
fat bums, aad ia the cause of the peculiar odor given oil' irom 
the smouldering wiok of n tallow candle. 

Glyeerin is used somewhat in medicine, mainly for external 
applications : its use depends upon the fact that it is but slightly 
volatile, and does not dry up or undergo change when esposed. 
to the air. 

246. Kitro-Olyoerln. — If glycerin to allowed to flow grad- 
ually into a mi.vturo of nitric acid and oil of vitriol, which is 
kept cool, a heavy oily liquid collects at the bottom of the acid. 
It is known as nitrO'glycerui, and is a h^hly explosive com- 
pound, being decomjiosed either by direct application of heat, or 
by percussion, It is used for blasting purposes instead of gun- 
powder, but ia very dangerous to transport : the danger in using 
it can be very much lessened by making the nitro-glycerin im- 
mediately before use at the quarry or other locality where it is 
ba employed. 



while that of gly- 



curin ia ^ ^^ J O, ; that is, three ntoma of hydn^n have given plwe 

to three alnma uf the radii^ fiitryl (NO,) ; nitro-glycerin jnay bft 
Tt^jardcd us glyceryl mlraU. 

346. As has been stated, glycerin ia also a product o 
manufacture of wliut are known as stearine cnndli 
candles are not, properly speaking, stearin, but are made of IW 
solid fatty acids ; namely, stearic and palmitic Any ptoceaa by 
which stearin (and, of course, p^mitiu and olein) ia decomposed, 
80 that the fatty acid or (glycerin, or both bodies, are set free, ii- 
termed Bapomflcatioil, even in cases where no soap lesulte &ai& 
the reaction. 

By treating the fat with sulphuric acid, it may be decomposeJl 
with formation of the fatty acids and glycerin, and the two pm' 
ducts can be readily separated from each other. The decompott- 
tion may also he effected by the use of superheated steam, aiw 
in the manufiicture of candles these two methods are employeJ 
to a Tery large extent, although the fatty acids are sometinWft 
obtained by first forming a lime soap and then decompostny if 
with acid, as the soda Boap was decomposed in Exp, 112. Th* 
fatty acids are cooled and submitted to pressure, which separata! 
the oleic acid : the solid acids are then moulded into proper form 
Candles are also manufactured triim flp«rmaceti, paraffin and wil 
Spermaceti is a solid fat obtained by cold and pressure ftom the oil D 
the sperm whale ; when saponilieil, it yields palmitic acid and etJi 
(O^sHhO). Paraffin is at onlinary temperatures a white solid hariq 
a pearly lustre. It is generally regaided as a mixture of sevenil n 
hers of the marsh-gas series of hydrocarbons (Cn Hhtt), whid 
indeed, are sometimes designated as the paraffin series or the parafRnl 
It occurs in petroleum, and when the pelnileum is distilled, it 
comes oS in abundance ut the latter part of the diiitillation. It 1 
sfiparated from the Hccampanying liquid hydrocarbons by cold H 
pressure. Paraffin also occurs in smaller quantity among the prodw 
of the distillation of bituminous coal and wood. Beeswax is main 
a salt of palmitic acid, melissyl palmitate, together with n free ad 
cerotic acid. Chinese wax, produced by an insect belonging to tli 
same genus as the cochineal insect, yields on saponification tW 
bodits, eerotin and cerotic acid : it ia cerotyl cerotate. 



247. Azti&cial Tata. — While b; the viuious ptoceesea of saponi- 
ficatioti it U jHissible to obtain from tLe nattiral fata (with the ele- 
roents of water) both glycerin and a fntty iiciii, it has uIbo been found 
possible to reprodute the fats by bringing the fatty acids and glycerin 
together nnder appropriate condilionB i ill this case water ia elimi- 
nated precjaely bb water ivaa set free in the formation of potosainni 
itx^^ from caustic potash and nitric acid (Exp. SR, § 60). 
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248. Vegetable Oila. — Of tlie oils and fata thus far con- 
sidered, all, with two or three exceptions, have been of animal 
origin : all plants, however, contain some representative or repre- 
aentativea of this class. These vegettible futs and oils occur 
most abundantly in certain seeds and fruits, such as the seeds of 
hemp, flax, cotton, sunflower, and the kernels of the etone of 
the peach, also in such nuta as the peanut, butternut, beechnut, 
almond, etc. Oil occurs also in the cereals, as may be illuatrated 
by the foUowing experiment : — 

Eip. 114. — Dry two or three teaspoonfuls of corn-meal on the 
water-bath for an hour or two. Put the dry meal into n small bottle 
and pour upon it twice its bulk of ether. Cork the bottle tightly and 
shake it from time to time diuing half an hour. Finally filter the 
liquid inh) a clean porcelain dish (Caking care that there is no Hghted 
lamp or fire in the vicinity), and place the dish where there is a good 
draught. The ether will evaporate spontaneously and a yellowish 
oil will remain. 

AH of these oils are called fixed oils i they leave a permanent 
greasy stain on paper, and cannot be distilled unchanged. 

The fixed vegetable oils consist in great measure, like the animal 
fats, of atearin, olein and palmitin ; bnt many of them contain othtr 
aiilistjinces in greater or leas proportion. Thus bay berry- tallow, a 
familiar example of a vegetable fat, consists in part of pilmitin and 
palmitic acid, and in part of a substance known aa lam-ii: acid. 

249. Drying Oils. — Cci-taui oils, especially linaeed oil, when 
exposed to the air, gradually absorb oxygen and become solid. 
Such oila are called drying oiis. Thia absorption of oxygen 



TIM. OILS. — OIL OF CLOVES. [§250. 

causes the evolution of a considerable degree Of heat : is &ct, 
caeee of epontaDcniis combustion often occur from the takii^ 
lire of hpajis of rags, low or other light material, saturated 
emeoHid with oil, 

250. Essential Oils. — To be distinguished from the non- 
volatOo or fixed oik aru the volatile or easenti&l oils. Tben 
compounds, in some points, resemble the fixed oils, — they 
inflammable, insoluble in water and readily soluble in aleohti 
and etber ; they are, however, more or less volatile at ordinaO 
temperaturea, and do not leave a permanent etain on paper, 
essential oils are generally obtained by distilling with water th* 
portion of the plant in which they occur. The essential oil 
carried over with the steam, and separates from the water which 
is condensed in the receiver. A familiar and characteristiB 
example of an essential oil is found in oil of cloves, a volatik 
liquid of well-known odor. 

Exp. 115. — Into a glass retort of about 250 c c. capacity, pnl i 
grms. of whole cloves, and 150 c. c. of water. lusert tbe neck 
retort Inoeely into a receiver or flask, kept cool as directed in Eqi. % 
§ 31. Bring the water in tbe retort to boiling, and boil until oi 
half of tbe bquid has diBtiUeil over. The water which coudeoMS 
tbe receiver will be rendered turbid by tbe " oil of cloves," whi 
boa been carried over by the steam, and on standing, tbe oil, bei 
benvicr tboii water, will collect in drops in tbe bottom of the ■ 



Fig. 60. 




Tlie oil possesses the charact 
odor of cloves, which it also commni 
cates to the water with wbich it is 
contact. The water may be 
olf, and tbe volatility of the oU iUi 
trated by dipping a piece of filli 
pnper into it, and hanging the pB| 
in the neigbborhood of 

The water, which, from its 

tion with the oil of cloves, acqi 

ijile of the fragrant " distilled wsteis " d 




mai1e 



OIL OF TVnPK.\TiyB. 



251. Oil of Tnipentme {C;^„). — Wl 

Into the trunks of cBrtam species of pine, there exuJi-s from 
the wounds a thick lesinous aubatasce known u^ tnipentiiLO. 
When ordinary turpentine is (liatiileil with water, there coine«| 
oyer, mixed with the steam, the vapor of an oily liqiud, which 
condenses in the receiver and rifiea to the top of the condensed 
water. It is oil of tttrpentilie : the residue in the retort ia eom- 
mon rosLD. 

"Exp. 116. — Into a glass returt of about 250 c c capacity, put 
40 grms. of cmde turpentine, and 2(10 c c of water. Boil the liquid in 
the rt'tolt, and condense the vapor which is )^ven olf, as in Exp. 115. 
DrojiB of an oily liquid will rise to the top of the water in the lu- 
ceiver, aiid form a layer on its Biirtaee ; it is oil of turpentine. 

In thw experiment the pitch of norlLem pines or of the spruce, etc., 
may be used instead of the " crude turpeatine." 

352. Oil of turpentine is a volatile liquid, and may be dis- 
tilled unclianged. It wil! not mix with water, but dissolves 
fiesly in alcohol. It is very inflammable, and bums with a 
smoky (iame, as was shown in Exp. 67, § 181. 

Exp. 117. — Into a small bottle half filled with water, pour a 
'easprioiiful of oil of turpentine, and shake the bottle. The liquid 
's i-endereJ turbid by the drops of oil scattered through il, but tliese 
■U^ps soon collect together, forming a layer on the top of the water. 

'^xp. 118. — Intu a small bottle half filled with alcohol, pour a 
'^'aajiooufid of oil of turpentine, and shake Ihe bottle. The oil of 
'Utpentine ilissulves, and a clear homogeneous li<iuid results. 

253. Oil of turpentine is chiefly valuable for its solvent 
powers. It dissolves the various reains, and ia used in the 
preparation of varnish : it also dissolves sulphur and phoaphotua 
^tb readiness, and is one of the best solvents of caoutchouc 

254, The essential oils find extensive application in per- 
fuiiiuy : they are, however, often replaced by substitutes arti- 
lioijJIy prepared. Thus for oil of bitter almonds is sometimos 

, 'ibatituteJ uitrohenzol (§ 268), and, as has already been stated, 
U 983), various compound ethers, made from fusel oil and other 
looiiola, are prepared on a very large scale for the confectioner 
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S5C. 0)1 of turpentine is a hydrocarbon of th.e comjwaitiw 
C„Hu : "'.> IMmeriu, (J 24<t) compound aJao occurs in the vuioH 
eafiential oils, auch as the oils of bei^iucot, birch, cloves, <:arawt^ 
lemons eU. : most of them contain, in addition, a distinctive campnaA 
of carbon, hydrogen and oxygen. Certain of the e^ential oils ca% 
tain sulphur : thus the essential oils of garlic, onions and assafmtid*' 
haye the composition (G^,)^. TIub compound is the sulphide <S 
the radical aUyl (C^J. The pungency of the horse-radish 
to a flulphocyanide of the same radical. 

It will be noticed thnt the radical ally! has the same fonuola. 
that assigned to glyceryl (§ 241). It is, however, merely iaonwri* 
with glyceryl, for the lattiir replaces three atoms of hydrcgen, 
trivalent, while allyl is univalent. 

256. Camphor (C,^„D). — Among the essential oils, is cUseei' 
ordinary camjihor. It is obtained by distilling with water tba 
wood of a variety of East Indian laurel. At ordinary tempen 
turea, it is a white solid, which, like ice (§ 22), volatiliiiea "^ 
evapoRites without first melting ; it may readily be diatiUed, 
sublimed unchanged. Camphor takes fire at a low temperataa 
and bimis with a very smoky flame ; it is only slightly aolabv 
in water, but dissolves readily in alcohol. 

Exp. 119. — Into a tall, narrow beaker of about 60 c. c capsd^ 
put 2 or 3 grammes of camphor. Roll up a piece of rather stiff papi? 
BO as to form a long conical cap which will fit into the top o* ' 
beaker. Place the beaker thus prepared in a sand-hath and heat i^ 
the camphor soon melts and begins to boil, and the vapor of caca|A 
ia condensed on the upper port of the beaker and on the sides of i 
paper cone in delicate, snow-like crystals or as a crystolline solid. ' 

Bxp. 120. — Throw a portion of tlie sublimed camphor of 
preceding experiment into a dish of clean water. The camphor 
slowly dissolve with a peculiar gyratory motion. Throw ani 
portion into a amall quantity of alcohol ; the camphor rapidly 4 
solves. Place a third portion on a brick and touch it with a " 
malcii ; the camphor takes fire and bums with a smoky flame. 

257. Camphor is a compound containing oxygen ; other a 
genated essential oils are the oil of bitter nimonds, oil ot cia 
mon and oil of wintergreen : aome of these oils will be atod 
in tlu BUCCBoding chapter. 




S SERIES. 

esseDtial oils which have jnat been studied ha\-e no L 
ition to the marsh-gaa series of hjtltoearlitna, wliich, with the 
uompoutiilB, has formed the muin siibjcct of this chapter, 

y are, however, conveniently atudied in connection with the fats 

fixed oils. 



-frel. 



CHAPTER XVX 
CASBOV (continued}. 

S5S. In the series of hydrocarbons known aa the msnh- 
seriea, and described iii the !;ist chitpter, there is a constant 
;renc6 of CH, in the formula! of succeeding members of the 
M. There is also a difference of about SO" between the boil- 
points of successive members ; and other physical propertieB, 

studied, would show a corresponding and regular increase of 
eaae. Such series are called homolo^os series (having 
same proportion), and the memlx^rs of the series are homo- 
168 of each other. For every auch seiiea a general algebraic 
bol can be devised which wiU apply to each member of the 
M. Tlius the general formula of the homolc^nei of marsh- 
is CnHga ^- , ; if U ^ I, the formula becomes CH,, maisb- 
; if n ^ S, the formula becomes C,H,, propyl hydride, and 



Another series of homologous hydrocarbons is that whose gen- 
] formula is CnH,, : the first member of this seriea is olefiant 

I (C^,)- Members of this series occur among the products 
the distillation of various organic compounds, and also in 

troleum. 

259. Olefiant gat or Etliylenc (c^,) ia n colorless gns, somo- 

lat soluble in water. It occurs anionj; the products of the dis- 
t of bituminous coal, but is best prepared by the action 
ndphuric acid on alcoboL 



OLEFIAST-OAS SERIES. -ALCOHOL. 



s atom of bydiogen than the cotreepoBding 
B of the marsh-gas series. Thus : — 

Ethylene ia C^, while Ethyl is C,H, 
Propylene " C^ " Propyl " C,H, 
Butyleua " C^, •' Bntyl " C,Hj 



Etc. 



Etc. 



iing mdi- ^1 



The members of this aeries act as blvalant radicals ; they dilfer 
\ 'ffi formula from the corresponding oltohoU of the marsh-gas series by 
WjO, and suiui: of thuni, like ethljene, cati be obtaiiieil hy distilling' 
« corresponding ali^ohok with zinc chloride, or, in «onie cases, with 
itiphuric acid. Mimy chemists prefer the lermK ethene, propene, ba< 
etc, to the somewhat longer names ben- used. 
1. Olycola. — The membera of this series, acting as bivalent 
dicals, enter into a variety of cumpomids ; one of these compoonda, 
IStylens ohloilde (C^,C1,), has already been meutioiie<l (§ 26(1). 
! same relation to these radicals that the ulcohcds (§ 229) 
D to the radicals of the marsh-gas aeries is a closa of boilictj com- 
tonly known as glycols: thus the formula of ethyleua Blyool 
B •^' ' O,, Thwe compounds are also sometimes included in the 

in alcohol, which is thus aeen to have a wider application 
iven in § 229. In fact, the term alcohol, in its moat cx- 
le, is applied to any organic compound built upon the type 
.lore molecules of water in which the radical that replaces 
the hydrogen contains only carbon and hydrogen. When this 
radical is bivalent, and replaces H, in the type Z^ > O,, as in glycol 
'^*' J 0„ the alcohol is called diatomic; when a trivalent radi- 
cal replaces H, in ' i O,, the alcohol is trlatomlo; according to 

this view, glycerin, a compound already studied (§ 241), is regarded 
as a trlatomic alcohoL 

£03. The members of the olefiant-gas series afford ati Ulustration 
of the value to chemical theory of the determination of the vapor 
density of compound bodies, — a determination which is a purely 
physical operation. It will be seen that in each of these hydrocar- 
bons tbei-e are two atoms of hydrogen for one atom of carbon, or two 
parts by weight of hydrogen for twelve parts of carbon. By unalysis 
merely, the formula of these compounds could not be eatablishe<l. 
H» mn OBOafit, taite bab^raie (OJSJ: analysis would only show 



PICRIC ACtD. — yAPBTBAUX. [j 278, 

'2S9.~ Into B flask of 150 c^ c oapadtjr, put two tesspnoD- 
fok of fuminf; nitric Acid. Add caatioasly and veiy gradually, half 
a teaapoonful of crystallized caibolii: acid or of the liquefied crjtWb. 
Tho acliuii which takes place ia very violent, and nilroua fumiM are 
copioiuly disengaged. When the actiuu has aubaidtd allow the fliik 
to become cold ; yellow crystals of [licric acid will be found in tlie 
liquid. 

This eiperiuient should be perfonued where there is a good 
draught of nir, imd the flask should he held at arras' length on eadi 
BUtiPtwive addition of carbolic acid. 

Bzp. 130. — Dissolve 1 grm. of crystallized picric acid, in 135 C c. 
of wntsr. Preserve one-half the solution for use in a subseqaent ei- 
perimenl ; wann the remainder gently, and immei'Be in it soim 
woollen iiiuleiial, — a skein of white yam, or jiiece of white flannel 
After a few minutes, remove the wool, and riiiae it ia water ; it will 
be dyed a hrilliftnt yellow. 

The formula of picric acid is C^(NO,*,0, or phenjo aciil, 
C^,0, in which three atoms of hydrogen aie replaced by three 
atiitit^ of the radical HO, ; hence the chemical name, tzl-nibo- 
phenic acid. 

278. Picric acid ia used in the preparation of potaasinm 
picrate, wliich ia an ingredient of certain substitntea for gun- 
powder. The picratet are yellow crj-atalline salts. "When 
heated, they are liecomposed with explosion : picric acid itself 
explodes if heat«d suddenly, although with care it can be grad- 
ually sublimed. Fota^um piciate will explode, if struck with 

hammer. 

Naphthalin (C,^,). — This hydrocarbon ia an abtm- 
dant product of tho diatUlation of coal-tar, occurring esperially 
in the dead oil, and in largest amount towards the last part of 
distillation. It ia solid at ordinary temperatures, and 19 
separated fn.im the accompanying liquid products by pressure. 
insoluble in water, but disaolvea in alcohol, and may be 
purifted by reorystallization from this solvent. It can also he 
•nblime<i unchanged. It forms white pearly crystals greasy to 
the touch ; it is not readOy inflammable, but, when lighted, 
bums with a amoky flamo. 

280. Naphthalin enters into direct comLinatioo with chlorine and 



DISTILLATION OF WOOD. 

Wttt (liSerent proportion s i it hIbo formii, with the«e ( 

a great mimber of BubBtitution compounds, an tliey ure called. 

Tlieae compounds preserve the type of uuplilhalui, Imt iii them oii« 

s of chlorine or bromine, or l>oth these tleineut^ lake 

J &e place of the same number of atoms of hydrogen. One of these 

I tbmpoTmds furniaben u good example of taomerlam, defined in 

I I 240. Of the compound whose fonaula ia CijH,Cl„ llitre have 

been recognized seven ilistiuct varieties ; that is, there are Kveu 

EOtnpounds which have ideittically the same percentage compositiuo, 

and to each of which the fonnulu C„H,C1, will apply, but which 

differ from each other in leepect to solubility, funng point and be- 

bivior to chemicul agents. These iliffereuceH muy be imagined to be 

due to diversities in the ammgeuient of the atoms in the several 

compounds. 

381. Anthracene (c„H„,) is a white eolid, which aceom- 
paniea naplithalin in the laat products of the distillation of coal- 
tar. It ia insoluble in alcohol, and raay be separated from 
naphthalin by treating the mix turn of these two substances with 
this solvent, which removes the najihthalin. It ia interesting 
cliiefly because altsarin, the coloring mE^tter of the madder-root, 
has recently been made from it. 

282. DeBtructiTc DiBtiUation of Wood. — In the distilla- 
tion of wood, as in that of coal, the nature of the products 
varies somewhat according to the temperature employed. The 
gas obtained consists mainly of carbon protoxide, carbonic acid, 
marsh-gas and hydrogen ; of the liquid and semi-liquid pro- 
ducts, a portion ia insoluble in water and is composed of various 
hydrocarbons, some of which have already been studied. Of 
the portion solnble in water, the most important constituents 

i wood-spirit (methyl alcohol, 5 230), methyl acetate and 

tic or pyroligfneooB acid (§ 238). 

The greatest yield of acetic aci<l is obtained by distilling the 
1 at low temperatures. The Uquid portion, insolublo in 
rater, contains among other bodies, soma of the homologuea 
f benzol, and a body called kreasote, wliich, when pure, is a 
Bbloileas liquid of pungent taste and smoky odor. The peculiar 
r of wood-smoke is owing to the presence of this body. 



l-H OIL OF BITTER AL.VOyDS. [5383, 

Kreasote poeaeases very |>owerfiil antiseptic propertiea : meat 
ninl fish may be preserved from, putrefaction by immersion in i 
very tliluto solution of kreasot*, or by exposure to wcxiU-smoke. 
Mnuh of what U now sold as kreaaut« is actually carbolic acid, 
wLicb, as baa been seen in Exp. 128, possesses marlced luiti^ 
tic properties. 

Paraffin (C„H„?) is also among tbo products of tbe distilla- 
tion of wood ; but the paraffin of commerce is now obtained 
almost eutirely frum petroleum. 

Ill § 257, amon^' the exsentitd oils, was mentioned the oil t& 
bitt«r almonds. This sulistaace ia closely allied with the phenyl l 
series of hydroi;arbons, and maybe most conveniently studied' 
at this ])oiiit. 

283. OU of Bitter Almonds. — If the kernels of the bitt^ 
almond be i:ni3bed, there is expressed a. nearly colorless iixed 
without taste or odor, and identical with that obtitined from I 
sweet almond. If, however, the crushed kernels are moistened 
with wiiter, the familiar odor of bitter ajmonda is soon d 
oped. Bitter almonds contain a peculiar nitrogenous substano^ 
amTgdalin (C^^0i,,3 H,0) ; imder the influence of anothd 
nitrogenous body, cuntaini:d in the kernels and resembling a 
what the diastase of malt (5 300), the amygdalin is convertel 
into an essential oil, the essence or oil of bitter almondl. 
There is formed at the same time a quantity ol' cyanhydric acid 
{§ 212), which accompanies the essence when it is distilled, and 
communicatea to it its highly poisonous qualities. The purified 
oil is not poiaonoua. 

£84. The formula of the oil of bitter ahnonds is C,B;o, and it 
may be regarded as a hydride of a hypothetical radical beuxorl 
(C,H,0). The relation of the oil of hitter almonds to tlie phenyl 
series (§ 264) is seen by reganUng it as an aldehyde bearing the 
same rehition to toluol, C,H,. (| 2(iT), that ordinary aldehyde (§ 23S) 
dtes to ethyl hydride, C^,. It hehnves like an aldehyde : in 
contact with the air, it oxidizes to benzoic acid fC,H,0^ which, 
to carry nut the same campariaon, answers to acetic acid. There 
is also a componud which corresponds to alcohol, bflasrl aloohol 



§ 28G.1 BENZOIC ACID. 



The relations of these compounda 
foUoH-ing table : — 




Hydride. - Ethyl hy.lri.le. 

Toluol or Wuiyi hj-drido. 
C,H„H 

AlOohoL — EHiyl .IpnhfL 

C^„HO 

Bi-7,^1 ,il>-„hul, 
C,H„HO 

2SQ. Benzoio acid (C,H,0,) 

most abuniiantly in giini l«n;ioin 

benzuic acid Bevetnl resins. It maj be prepared aitiiicially I'rom 
bitter alraondB, as has been staled [ it may also be prepared by 
oxiili;eiTig napblbultn with nitric mid, and healing the proluct with 
dakcd time. Culdum benioate is thus prodiiM:d, from which iH^nzoic 
(icid may be set free. Benzoic add is a whitu ciyslalline solid, of 
pearly lustre. 

If benzoic acid be distilled with eicess of liiae, benzol is produced 
in accordance with the pfiuation : ■ — 

CaO -i- C^.O, = C,H, + CaCO, 



of Iialram coutainin)^ besides 



286. The Acetylene Series (C.Hm-i). — Acetylene (c^) 

ia a transparent, oolorleaa gas, which occurs in small qu^mtitiea 
in illuminating gas. It may be fornied by the direct union of 
carbon and hydrogen at very high temperatures. It is also 
formed during the incomplete combustion of other hydrocar- 
' Iniis. The peculiar odor noticed when the gaa in a Bimsen lam]- ' 

burns at the lower opening is due to the formation of acetylene. 
, Acetylene burns with a bright flame, and aa it is present to some 
L extent in coal-gna, it doubtless contributes to the illuminating 
t of thf gas. 
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CHAPTEK XVIL 
CAOBOB (continued). 

287. In this ohaptbt eeveml of tlie nataral organic com- 
pounds vrill be coaaidered wluch play a part in the life and 
growth of plants and animals, or are the direct product uf BUch 
growtli. A great number of different compounds itccur in the 
vegetable kingdom, some being found only in particular spai;ie« 
of plants, or even being confined to single portions of particulu 
plants, while othots occur almost universally in nearly all vege- 
tahle organisms. Amonn these substances which occur so widely 
diifused are water, which aometimea amounts to UU per wl 
of the green phut, voody fibre or oellaloBe, gnm, Btardi uiil 
■ngar. The last-named compound will first chiim our atten- 
tion. 

The class of bodies known as samara contains several yarietiei, 
of which the most familiar is ordinary cane-SOgar. 

288. Cane-Bogar or Saorose (c„H„Oi,) occurs in the Jmw 
of various plants, nutably iji that of the augar-t'ane, beetrrimV 
SQgar-maple and certain varieties of jjalm. lu this countty 
sugar made from the cane is used almost exclusively, hut oo 
the continent of Europe large quantities are made from the bMt- 

289. BugoT Iffannfactme. — In the manufacture of cane-mgi^ 

the juice is extrauttid from the oaues by passing them t»twei 
grooved iron cyHndai's. The liquid thus extracted contains not on 
sugar in solution, hut also certain albuminous and waxy raattera, 11 
has a great tendency to ferment It is therefore immediately treat 
with a small proportion of milk of lime and heated for a short tin^ 
The lime serve* to correct any acidity and at ihe same time ent«pi 
into combination with some of the impurities of the juice ; the all* 
minous matiem, coagulated by the heat, entangle these impurities 
rise with them as a thick scum to the surface of the ]i(juid. 
scum is removed, and the clear liquid ia evaporated in open pans u 
of such a consistency that on cooling ciystols of sugar separate Tin 
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§ 280.] MA.VUFACTi'lt. 

dystols, after draining, form wlm 
laother-liquoi which drains off ia molaasea. 
Until recently almost all tbo sugar i 
>m tlie place of its production as " lirown '■ 
aud was subsequently reiiued iu Euglaod u 
cities of the United Slates. The rcjininy c 
smgar in water, removing thu impuriljcs aud coloring matters hy tilter- 
)n(j! tlie*]ii^uor, and paiisiiig it through layers of aninuil i:bdrcou], uid 
thuu evaporating end crystallizing. The evajxiration is uoajucted in 
A j>eculiar manner. If a sulution c^ntoinin}; a certain amount of 
common salt l« evaporated, the salt is i^covered unchanged, no mat- 
ter how rapidly or how slowly the evaporation takes place ; this is 
not the case with sugar. If a solution of cane-sugar be boiled, a 
certain amount of the sugar undergoes a change : it is converted into 
another variety of sugar, or rather a mixturu o( two varietieB of sugar. 
These varieties of sugar (which will be considered hereafter) do not 
crystalliM out with the cone-sugar, but form the main part of tlie 
eirup which drains off from the crystals. The amount of sugar which 
is thus changed depends among other things upon the length of time 
during which the solution is boiled, and also upon the temperature 
employed. By boiling in open pans, much sugar is thiLs lust ; and in 
the sugar refineries the sugar is therefore boiled in enormous closed 
iron or copper kettles, from which the air can be eihansted. Under 
these circumstances the sugar solution boils at a much lower tempera- 
tare than it would in the open air, and all risk of burning is avoided. 
When a sufficient ilegree of concentration is reached, the liquor is 
removed from the " vacuum-pan," as the kettle is calleil, and allowed 
to crystallize. The crystals aiB dried either by allowing them 
to drain in moulds (loaf-sugar), or by forcing the mother-liquor out 
by means of a centrifugal machine (granulated sugar). When, by 
further concentration of the liquor which drains off, and by repeated 
crystallizations, the greater part of the sugar has been obtained, 
the raother-liquor remaining from the last crop of crystals is sold 
OS sirup. Until within a few years, almost all the refining of sugar 
was done in England and the Northern Unite<l States, and enormous 
quantities of sugar are still refined in these countries ; of late years, 
however, vacuum-pans and other improved apparatus have been intro- 
duced into the places where sugar is produced, and very good white 
sugar is there made directly from the juice of the cane. The follow- 
ing experiment will illustrate the principle of the vacuum-pan alluded 
toaboT& 
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fruits, mch as apricotd, peaches, pineapples and atiawbenies; 
t«>>:»-tht:r wiih LevuLse it occurs in honey and in certain finute, 
am* nii which aie grapes, chemes and gooseberries. The sogu 
f^nutrd in dne«l fhiite, such as raisins, which have candied, is 
gra(ic-aii^'ar. It may also be prepared by boiling starch in water 
aciiiulated with sulphuric acid. 

Bacp. 134. — Into a flask of 250 c. c capacity, introduce 100 c c 
of wuter. Add 1 c. c. of strong aulphuric acid, and heat the mixture 
to iNiiliiig. In a porcelain mortar, rub 10 grm^ of starch with enoogfa 
water tu make a cream, aiid pour the mixture, little by little, into the 
l>oiIiii;r Ii(|uid, taking care not to interrupt the boiling. The starch 
(liftsolvert without forming a paste. Boil for three or four hoursy re- 
]ihu'in;^ from time tu time the water lost Ly evaporation, and then add 
]M>wdered chalk (calcium carbonate) until the liquid is no longer acid. 
When the mixture hais become cold, filter off the insoluble calciam 
Hulphiite forme<l by the action of the sulphuric acid on the calcium 
rjulionate, and evaporate the solution at a gentle heat to a sirupy 
rctiisiHtcncv. The solution contains dextrose, which on long standing 
may H(']>arate from the liquid in crystals. 

Deztrose may be obtained from cellulose or woo<ly fibre (§ 309)^ 
by Iroalinj; linen or cotton shreds, or even sawdust, wi h strong sul- 
jdiunc. atid. The mixture is allowed to stand for 24 hours, and then 
«li]ul(Ml with a larj^e (luantity of water and boiled. The acid is sub- 
f»«M|iHMit]y noutralizwl with chalk, and the dextrose obtaine<l, as in 
]''iXp. \'M. In those experiments, the sulphuric acid acts in some un- 
t^NplniiMMl niaiuHT by its simple presence. When the rciiction w 
r«Mnpl««to«l,th('n» n'maina in the solution the same amount of sulphuric 
n«'iO iiH \\i\H a<Mo<l in the beginning of the experiment. 

2'.K''». Dextrose may bo obtained in crystals which contain 
nno or Iwo o(|uivah'nia of water; it usually occurs, however, 
in Ibo RtiHo of a tinrk solution, as in Exp. 134, or as it exists 
in 5M >/;). It JH umimI in tbo manufacture of alcohol (§ 226), 
in tb»» fiwoptoniu^ of cort^iiu varieties of wine and beer, and is 
'••Mn.'UnM^q »MuployiM| to a«lultenito cauo or beet sugar, especially 
iM .M'MtiM.iii^noM It poMMi\vjMos less sweetening power than cane- 
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t.uvuUi^ v.t *^* wit-Sugar (c.H„0.) occui-s mLxcd witli 



oae or both of the preceding varieties of augar, in honey 
and in many kinds of fruits. It is formeil together with dt-x- 
tiose, when ordinary sugar is boiled, and hemio occurs in ino- 
laseee. It may be made from Lanliii, a variety of atiirc'h ob- 
tained from the dahlia and some other plants, in the same way 
in which dextrose was made from common sbtrch (Exp. 134, 
f 294). It does not crystallize : by evaporuting its solutiuii, it 
is obtained as a coloriess, amorphous mass. 

297. Under the influence of yeast, both dextrose and levuloae un- 
dergo fermentation, carbonic acid and alcohol being funned. CanC' 
sugar doeii not under^ fermentation directly, but is flrat changed 
into a miiture of deitruae and levidose. 

298. A characterististic teat for dextrose and leynlosB ia 
afforded by their chemical action on an alkaline solution of a 
salt of copper, 

Exp, 13B. — To a dilute solution of copper sulphate, add a little 
tartaric acid and then enough caustic potash to dissolve auy pre- 
cipitate which forms. To half of the mixed solution add a few drops of 
a solution of while sugar, and worm the mixture ; no change takes 
place. To another portion add a solution of grape-sugar, and worm, 
the mixture ; a yellowi^ precipitate of a hydrate of copper forms in 
the liq^nid, and hy the boiling is converted into the led copper sub- 
oxide^ By means of this test, the presence of dextrose and levulose 
may be flboivn in molasses or sirup. 

299. Lactose or HUk-Bugar (c„HqO„) is an animal product 
nearly related to cane-sugar. It is leas sweet and leas soluble in 
water than cane-sugar. It occurs in the milk of the mammalia, 
and is obtained, cJiiefly in Switzerland, by evaporating the whey 
of cows' milk : it crystallizes in hard, gritty crystals, which con- 
tain, one molecule of water of crystallization. 

son. Fermeatation. — As Las already been stated in $ 226, 
and illustrated by Exp. 100, § 226, the juice of various fruits, 
or aqueous solutions of grape-sugar, in the presence of an organ- 
ized substance knnwii as yeast, undergo a change. The sugar 
is grad\ially converted into alcohol, while carbonic acid escapes 
&im the liquid. Cane-sugar, as such, docs not undergo this 
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ftrmentatioil, bnt ia fiist conyerted into a mixture of dextrM 
niiii levulose. Lactose, when pure, ie not ausMptitle of fennm- 
tation, although milk can be fermented. In tlib case, theie \A 
formed along with the alcohol a quantitj of an acid called 
acid. 

Fermented Liqnon. — ^Vlaoe. — The variona Borts of winM 
we proihiced hy iLe spontanenus temientation of the juice of grape*' 
No yeoat 19 ceceBBarv, as tumple eipoauie to the air causes fenuenw- 
tiira to Bet ill (see § 235). Sweet winea are those in which tba« 
remains a portion of grape-BUgur, wliith has not been coaveited 
alcohol. Champagne ia wine that hna been Inittled while activn 
nieiitation is going on, and contains a coneiderable amount of carhonk 
acid in fiolution. 

Ale and Beer. — The seeds of all plants contain a. certain pi 
portion of a body known as starch (§ 301). By treatment with ve 
dilute eulphuric acid, atiirch may he converted into grape-sugar (s 
Esp. 134, § 294). A fliniilar change lakes place in the germuuilii 
seed under the influence of a substance called diastase, whicli 
developed in the seed. Advantage is taken of this fact in the man 
facture of ale and beer. 

Ale and beer are generally prepared from barley. The grain 
caused to gemdnate, by placing it under favorable conditions of mo 
ture and temperature. When the germination has reached a certaift 
point, it is checked by drying the grain at a sufficiently high 
ture ; the proihict ia now known as malt, and the process L 
malUng. The malt is ground and heated with water for son 
nearly to the boiiing-point. Under the influence of the diastase d»< 
veloped in the grain during the malting, the starch is converted iabi 
deitrm and sugar. To the infusion thus obtained, the wort, i» 
added the proper amount of yeast, which causes fenaenlation M 

The proportion of alcohol in the various beera and ales varies fimtf 
per cent : beer also contains some acetic acid, the vaHuuii 
oble mineral substances of the grain, some unaltered sugar 
-**""■ "^""^ <^"«8tase and coloring matters. The bitt«r las 
fo«mi.g i,U'llr?^r "^ ^"P' ^'^°'* fem,entation l,egins. Thj^ 
th^ r-,= 1 *'*' ^^« corbonic acid, the peculi 

oSer l" '"^ "PP-'^-'tly due to the pi^sence of dex.rm. 
I., r^ ^1™";*"^ ^'1"°"'- - The juice of almost al 
"'"* ""^ ^"■■'"-'-n of alcoholic liqun:„: thus 
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jcmented juice of the apple ; peny is made from peara. Prom th» 
pice of the currant, gooaeberrv, blackberry, etc, fermented HqiuirB 
re obtained popularly called wines. The South Sea ialauders fer- 
lent the jiuee of the cocoanut ; the Eastern nations obtain on intojti- 
Bting liquor from certain iklIiub. 

SlBtUled Liquors. — Absolute alcohol may be obtained by ». 
peated disliUation of any fermented liijuor, and final I'ectificalion 
wer quicktime (S 227). When, however, the liquors are simply 
(btiUed, there ia condensed with the olcohul mf-re or leas water, 
Ugether with certain volatile bodies, which communicate adislinclivB 
lavor to the product. Brandy is obtained by distilling wine ; gin is 

P flavored by distilling it with juniper- berries ; whiskey is pre- 
by distilling wort iiiaile from com, rye or other grain ; rum 
Kas originally made by I'emienting moluaees, and aubjecting the pro- 
|uct t<) distillation. 

301. Starch (C^H^Oj) ia an organized body found in wheat, 
feaize and all other grains, in the tubers of the potato, in the 
(oota and stems, or in the fruits of many other pianta. Tha 
Sollowing esperiment will illustrate the manner of obtaining 
it from the potato, which contains on the average 20 per cent 
if it. 

' Bsp, 136. — Keduce a clean potato to pnlp by scraping or grat- 
Bg ; mix the pnlp with water, and squeeze through a linen or cotton 
loth, repeating the operation several times. The woody fibre or 
rilnlose, of the pottito remains on the cloth while the starch passes 
brough the meshes, and remauis susfiended in the JUlratt. Allow 
Ihe liquid to staoil nntil the starch has settled, then pour off the 
fater, and dry the residue. 

, 302. Staroll has the appeaiance of a white powder, but under 
^e microscope it is seen to be made np of distinct rounded or i 
p'al graina, which vary somewhat in si^ and appearance ac- 
Ording to the particular plant from which the atarcli waa de- 
ired. The grains of potato-starch are about jjjf inch in diame- 
ter; those of wheat-starch, joHrn inch; those uf riee-starch are 
.bout 3^5 of an inch. Fig. 62 represents the grains of potato- 
tarch very much magnified. 
303. Staroh is almost entirely insoluble in water, but when 

^tod in water to about 70°, the gronuloa swell and burst, and 
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pistQ (Exp. 39, § 93) : this staRti- 
paste is used liy the laoii> 
dresses for stifienmg linen. 
A characteristic property o£ 
atarch is its power of fonn- 
ing a blue color with iodine 
(Exp. 39, § 93). By hwt 
iiig with dilute acid, starch 
ia couvcrted into dextttw 
(Exp. 134, § 294). 

Irnilin is a. eubstance of tbe 
Bamc composition as starch : it 
occurs ill the roots of the dalt- 
lis, dandelion, chiccory and 
other plants Yicloiiging to the family of campodta. It exists in tlw 
plant in a liquid form, it is soluble in hot water, is not colored blue 
by iodine, and by heating with dilute acids is converted into levulose. I 
Arrow-root and tapioo& are varieties of starch prepared from ibe 
toots of tropical planta. Sago is the starch obtained from the pith ot 
the sago-palm. The peculiar appearance of tapioca and sago is owing 
to the manner in which the starch is prepared, and these varieties of 
starch, or, rather, successful imitations of them, are produced artificially 
from ordinary starch. 

304. Dextrin. ^ When starch is heated to about 205°, it is 
converted into dextrin, a substance of the aame chemical com- 
position aa starch, but dilfenuff in many of its properties. It is 
soluble in water, forming a gummy solution, and is used, instead 
of gnm-arabic, in the manufacture of adhesive stamps and fat 
other purposes. 

Exp. 137. — Heat carefully in a porcelain dish a teaspoonfnl of 
powdered starch with constant stirring. It gradually turns brown. 
After heating for about five or ten minutes, add four times its bulk 
of water a:id boil. A solution of deitrin wiU. be obtained, which may 
be filtered from the unaltered starch. To a portion of the soluliiM 
add twice its hulk of alcohol ; dextrin will be precipitated, as it ia in- 
loluble in alcohol. 

305. If etaich be lieated iat some time with water ooataia-^ 
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a email amonnt of sulphuric acid, the sturwU is converted 
iiito dextrin ; if the mixture of starch and wiit^r lie heated still 
further, or be actuiilly boiled, the starch (or destrin) will be 
converted into starcU-sugar (see Exp. 134, § 284). Thia change 
of Btareh to destrin and sugar takes pliice in nature in germinat- 
ing seeds by the action of the nitrogenous substance caUod dia»- 
tase (§ 300). 

306. Oluten. — It haa been stated that starch occurs in the 
difl'erent varieties of grain : its presence in wheat, as well as the 
presence of another body, known as gluten, may be shown by 
the following experiment. 

Exp. 13B. — Wet a handful of wheat flour with enough water to 
make a thick dough. Wrap the dough in a linen or cotton cloth, and 
knead it in a slow atreara. of water until the water is no longer ren- 
dered tnrbid. The turbidity ia caused by particles of starch in sus- 
pension ; if a portion of the water be allowed to stand, the starch will 
be deposited, and may be recognized by means of the iodine lest. The 
tongh, TiscDUs maea remaining in the cloth ia gluiea. In addition to 
these two substances, the wheat fluur contains a small amount of 
sugar and dextrin, which, in this experiment, are dissolved by the 
water, and a little oil and woody fibre which remain with the gluten. 

307. Bread. — In the preparation of bread by means of yeast, 
the fiour is mode into a dough with water mixed with a certain 
amount of yeast, and the dough left in a worm place to riie. Fer- 
mentation sets in : the sugar and a [lart of the dextrin of the flour 
are groduaUy converted into alcohol and carbonic acid, and the hitter 
being set free as a gas causes the dough to swell up and Iiecome 
porous. When the iiread is baked, the carbonic acid is expanded 
still more, and, as it escapes from the bread together with the alcohol, 
which at the temperature of the oven is converted into vapor, it 
communicates the desired lightness to the bread. During the process 
of baking, some water is also expelled from the loaf, and the starch is 
converted into a gelatinous condition. At the outside of the loaf 
further decomposition takes place, a substance like caramel being 
formed which constitutes the trust. The crust also contains dextrin, 
and if the outside of the loaf be moistened and then dried ij 
oven, the dextrin thus dissolved and left again hy evaporation pro- 
duces a smooth, shining surface. 
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CELLULOSE OR WOOOr FIBRE. 



H 308, Cellulose (C^„Ou) occura in all plajita and is all the 

H various parta of the piaut. It constitutea the outside of tli6 

H cells of which every vegetable organism ia made up, and omuk 

^L in a great variety of forms. The ground-work of succuIbdI 
^1 fruits, liiie the apple and pear, of roots like the turnip and 
^P beet, as well as of all varieties of trees, even the box and the 
^ ]ignnm-vit*e, is cellulose. Linen and cotton are neariy pun 

cellulose, the tibrea themselves heiug long cells ; but in almoBt 
nil cases the cellulose is accompanied by another substance 
irhieh incrusta the interior of the cells and predominates in I 
the case of the harder woods and in the shells of the dilferoi^ 1 
sorts of nuts. This incrusting substance is of uncertain wm- 
positiou, 08 it never has been obtained sufficiently pure for 
analysis. It is much more readily acted upon by chemical 
agents than cellulose, and by treating woody fibre with aciils 
and alkalies, cellulose may be obtained nearly pure. The fines* 
kinds of filtering (unglazed) paper are nearly pure cellulose. 
In Exp, 136 the substance remaining in the cloth was mainly 
cellulose. 

The percentage comptaition of cellulose is the same as that of 
starch, deitriii and inulin, and would bo most simply expressed by the 
formula C^^O^. It is probable, however, that the true fonnnla of 
cellulose is some hijjher multiple of these nontbets, not less than 

309, Pure cellulose is a white substance insoluble in water or 
alcohol. Strong alltali decomposes it with formation of oxalio 
acid (§ 322) ; strong sulphuric acid dissolves it, and on diluting 
the solution and boiling, the celhdose is converted first into 
dextrin and finally into ^prape-sngar. By sliort contact with 
sulphuric acid of a particular strengtli, cellulose is converted 
into a semi-transparent, tough substance resembling 
membrane. Paper thus tretited is changed into a 
known as vegetable parchment 

Exp. 139. — To 10 c c. of water in a pcirceloin dish add « 
with constant stirring, 2S c. c. of Htroiig salphuriu acid. 
niiiture has become perfectly cold, iinmeise in it a piece of Bltei 
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Allow the paper to kuuuh m Iba liquid for IG orSOBeconiU ; 
■e thoroughly to remove the acid, tiret with pure 
r, then with water coalaining a litUe Bimuouiu, and finally with 
r again. The pu|>er is cciii verted into vegetable paKhiaeiit. 
f the firet experiment be not successful, repeat with fresh piecea of 
[taper, varying the time of immersion until a good result is obtained. 

310. By treatment with a mixture of nitric and sulphuric 
1, cellulose is converteil, without ch(iii(;e of form, into a com- 

' pound called Qitro-cellnloBe, pyroxylin or gim-cotton. This 
substance is very explosive, although not nearly as much so aa 
nitro-glyceiiu, which is prepared from glyixrin in a similar 
manner. In the air it bums with a sadden flash without emoko. 
If burned in a coniined space, it produces explosive eil'ects Bimi- 
kr to those produced by gunpowder. 

Ghm-cotton is, chemically speaking, cellulose in which a certain 
number of atoms of hydrogen are replaced by a corresponding num- 
ber of atoms of the radical NO^ Its exact composition differs ac- 
cording to the strength and proportions of the acids used in ita fonuo- 
tion, there being several distinct vaiielies. 

Collodion is the name given to the solution of a certjiin variety 
of pyroxylin in a mixture of alcohol and ether. When this solu- 
tion is exposed to the air in a thin layer, the solvent rapidly evap- 
orates and leaves a transparent film of pyroxylin. Collodion is much 
used by photographers. 

311. Gum. — Gmn-arabic is a familiar example of a class of 
bmlies which occur in the juice of alm.ost all plants. Gum-arabic 
extides from a species of acacia. It is valuable chiefly on ac- 
count of farming with water a sticky, mucilaginous liqnitl. 

The gums are soluble in water, but insoluble in alcohol, as 
may be illustrated in the case of gum-arabic by the following 
experiment. 

Bapv 140. — Dissolve 10 gnns. of gnnj-arabic in 75 c. c of water. 
The solution is facilitated by powdering the gum-arabic, mixing it 
with clean dry sand and stirring the mixture from time to time. 
When solution has been effected, allow the sand to settle and poui 
off the liquid. 

To a portion of the solution thus prepared, add half its bulk of 
alcohol : the gum is reprecipitated. 
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312. Onm-arabio is a niisture of the calcium and poUs- 
Biiiin salts of arable acid ; calinum aud potassium ombatM 
aro Htilublu in water ; many other ambates are insoluble in 

Exp. 141. — ^ To a portion of the solution of gum-arabic of ^f. 

140 iidd an ammoniacal solution uf lead Bc«tat« (prepared by adiiiigt 
to !Ui aqueous sulutiou of lead acetate anunonia-water id qiianlilj 
inauSicietit to produce a precipitate) : a whit« pi^cipltate of an «n- 
bate of lead is formed. 

To the class of Kuma belong the exudations from trees lihe the 
cherry, peach and plum ; hut the subBtani;es which exude from pioea 
and similar trees, olten called gum, as upruee r/uiti, for example, lielong 
toadiffereiit class of bodies, — that of the reBitis (§ 316). 

aom-tragaCBnth. is a niodiiicatioo of ordinary gum. When trcat«d 
with water, it swells up, hut does not dissolve ; 4 or 5 (>rmsi, ot lliis 
gnm are sufficient to convert a litre of water into a pasty mass. 
Similar to gum-tn^canth is iwjetuWe mucilage, a sulistance wliich 
occurs in the root of the marsh-maUow, and also in flaxseed and the 
Beeds of the quince. 

313. Fectose. - — In the il*Hb of unripe fruits, and in sn(;!i 
roots as thti turnip, beet, carrot, etc., there exists, along with 
the cellulose (§ 308), a body to which the name of pectose has 
been given. It has as yet been impossible to separate tbia sub- 
stnuce from the cellulose, and its existence boa been mtliet 
inferred from the products of its transformation than proved 
by actual isolation. By the ripening of the fruit, or under ths 
influence of heat, acids or other chemical agents, the pectosa is 
changed into pectin, a substance soluble in water, but iiiBolubla 
in alcohol. 

Expi. 142. — Reduce several white turnips or beets to pulp, l^ 
grating. Enclose the pulp in a pieue of cotton cloth, and wash by 
Bqueeziiig in water, nntil all the soluble matters have Ihjch removed, M 
until the water comes off nearly tasteless. To tlie washeil pulp, add 
enough dilute clilorhydric acid (I port by measure of the strong acid 
to 15 parts of water) to saturate the mass, and allow it to stand fur 
48 hours. At the end of that time, squeeze out the acid liquid, filMi 
it, and add an equal bulk of alcohoL Pectin will separate as a gelat- 
3, Btrinjgf u 
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314. The viscid gmnmy juice which oozea from baked apples 
is a strcmg solution of pectin. The various scirts of frult-jfllies 
are composed of uther pruducte of the traiiaformittiou of pectOU 

. (pectic and pectosic acids). 

Ezp. 143. — Stew a handful of sound cnmberries covered with 

' Water just long enough to make them soft. Observe the speedy eoln- 

I Kon of the firm pettose. btrain through a cloth. The juice con- 
tains disBoWed pectin, which may be precipitated by the addition of 

I alcohol to a portion of the juite. He:it the remainder of the juice 
in a flask on the water-bath (see Appendii, § 17). After a time, 
vhich is variable accordinj; to the condition of the fruit, and must 
be ascertained by trial, the juice on cooling or standing solidifies to 
a jelly tbat dtasolves on w*arming, and re-appeats on cooling ; this 
jelly is peotOBlo aold. £y further heating, there may he formed a 
jelly which is permanent when hot ; this jelly is peotio acid. 

315, BaUamB. — The term haliam is iipplied to the soft 
iiYiscid substances which exudo from the bark of certain trees, 
|^iD^ are obtained in greater quantity by making incisions into 

the wood of the trees. Canada balsam, balsam of Copaiba, 
spruce gum and ordinary turpentine are examples of this class 
of bodies. The balsams are complex substances : they consist 
in the main of an essential oil which holds in solution bodies 
of peculiar character knomi a.s resina. "When the balsams 
are distilled with water, the essential oil paBsea over with the - 
steam, and the resin remains behind. This fact has already 
"been illustrated in Exp. 116, and in this experiment it waa 
'seen tbat afier the distillation there remained in the retort a 
'substance which, although quite fluid at the temperature of 
Iwiling water, solidified on cooling to a yitreous semi-transparent 
!^Baee : it was common rosio, a familiar example of the class of 
,'jreiiiu. 

* 316. Eesisa. — The resins, as has been stated above, are 
Lgenerally obtained by making incisions in the wood of the trees 
'j»y which they are produced. From these incisions they exude 
1 with the essential oil of tlie plant. Common rosin, which 
S to this class, is the vitrooua mass left on distilling crude 
with water (aeo Exp. U6, § 251). It buina with a. 
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loky floniQ, and is nssd in tlie preparation of lamp-b^ 
§ 181) and clieap vaniish. Gum copal, mastic, eandaracb t 
ahellac are resina. The resins are insaluble in water, 
BolvB in alcohol, wood naphtha (§ 230), naphtha and oil a 
turpentine. The aolutiona thus obtained are called vai 
When exposed in a thin layer to the air, the solvent evapoiatsCI 
leaving a trtkusparent coating of the resin, whiuh protecta tbe 
varnished surface from air and moisture. 

Exp, 144. — Powder 3 gniiB. of shellac, mil with a quastitj' of 
clean sand and pour upon it 30 c c. of alcohol. Allow to stand nntil 
the shellac has dissolved. Pour a portion of the solution into watei': 
the shellac is precipitated, as it is insoluble in water. 

317. The resina seem in niany cases to be formed by the oxidation 
of the essential oil of the plant by which they are produced, and it is 
a familiar fact that when oil of turpentine ia exposed to the air it 
absorbs oxygen, and is converted into a sticky, resinous eubstanca 
During the ojddation ozone ia prodnced, and its effects are manifested 
by its bleaching action on the corks of the bottles in which the oil of 
turpentine is kept 

The resins are made np in the main of several acid bodies, tLw 
which Tesinic acid is the principoL By the action of bases on reo^H 
bodies called resinates are formed ; thus sodium reainate, formed ^^^ 
the action of caustic soda on common rosin, is used in the manufte- ^ 
ture of some kinds of soap ; it is soluble in water and valualile on 
account of its detergent properties. Lead TCsinaU ia insoluble in 
water and alcohol. 

Xlxp. 14S. — Dissolve a small amount of powdered roain in alcohol ; 
dissolve also a portion of crystallised lead acetate in 10 tlraes its bulk 
of alcohol. Mix the two solutions and observe the formation of >■ 
bulky white precipitate of lead re^na^. 

318. Ohm Beflms are exudations bnm many plants which, 
being first milky, afterwards solidify in the air ; such aie 
assafnetida, gamboge, myrrh, olibannm, etc. Gutta-percha 
is a tough, elastic substance insoluble in water, which issues 
as a milky juice from cuts in the trunk of a species of tree 
which grows in the East Indies. Gutta-percha 
of a hydrocarbon (C^H^) and several resins. Caonto 
or India-iabbw is the solidified -juice of certain tropi 
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mainly a mixture of Bereral hydrocatbona 
It CjH,). It is insoluble in water, but when treateil with 
Hher, carbon bisulphide, oil of turpentine or benzol, it swells 
)lp in a very remarkable manner, and finally fonns a sort of 
(Wution. 

^ £zp. 146.— Into a small bottle put several teaspoonfuls of oil of 
ftipentine, and add a few dippings of sheet canutchouc Cork the 
kittle and allow it to stand for some tiiue. The caoutchouc swells 
^ to many times its oiiginal bulk, aivd eventually dissolves. 
■ 319. Caoutclionc ia very elastic, and freshly-cut edges readily 
JBunite. When exposed to the light and air for some time, it 
atsorlia oxygen and is converted into a sticky luaaa. Caout- 
chouc may be made to take up and combine with a certain pro- 
portion of sulphur, forming what ia called Tnloftllized Indift- 
rabber. This mixture preaervea its consistency and its elasti- 
ygtj through all ordinary changes of tomperJture, and is not 
■ffected by exposure to light. Heated to a certain temperatoie, 
iHiB vulcanized caoutchouc b converted into a hard mass resem- 
bling horn, and called " hard rubber," vulcanite or ebonite. 
India-rubber and gutta-percha are largely used in the manufae- 
tnre of water-proof clothing, tubing for conveying liquids and 
ses, combs, buttons, picture-frames and a great variety of other 
tides, 

320. Amber is one of a number of fossil substances resem- 

Rng the reains. Amber is found principally along the shores 

the Baltic, but also occurs in beds of ligrute in other locali- 

s. It becomes highly electric on friction. Chemically it is n 

Sxtnre of several resinous bodies ; it abo contains a peculiar 

[d called suceinie add. Only about an eighth part is in ita 

[tural state soluble in alcohol ; but after fusion it dissolves 

dtfi readily and is used in the preparation of varnish. 

■321. Vegetable Acids. — Among the important products of 

__e vegetable kingdom are the OrgatUD acids which occur ready 

lormed in plants, either in the free state or in combination, as 

Halts of certain metallic elements or radicals. The occurrence of 

the Bolta of aevetal of the fatty acids in the oils of plants has 
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nlready been noticed. Tiie salts of oleic acid (§ 241) and otfief 
a«ids classed with it alio exist in vegetable fata and oils. Tlie 
acids which are to he considered in this place generally occur 
as salts of calcium or potaBsium. 

322. Ozalio acid {C^OJ oecun as potassium oxalate ami 
calcium oxiilate in the juice of the sorrel, rhubarb and many 
other plants. Calciam oxalate, though inaoluble in water, is 
somewhat soluble in the juices of the plant : it is, howerer, 
sometimes found in microscopic crystals in the cells of ilia 
plant. Oxalic acid ie very poisonous when taken internallj ; 
the beat antidote is ciialk (calcium carbonate) or magnesia, m 
the oxalates of calcium and niagne«ium are quite iosuluble com- 
pounds, 

323. On a large scale oxalic acid is prepared by making a 
thick paste of sawdust with a strong solution of caustic potash 
and caustic soda and heating the mixture on iron plates. The 
woody hbre is converted into oxahc acid, and sodium and 
potassium oxalates are formed &om which the acid ia extracted. 
On a small scale oxalic acid is best prepared by the action 
nitric acid on starch or sugar. 

Bxp. 147. — In fl flask of 500 c. c capacity, heat gently ICKici 
of nitric acid of 1.38 sp. gr. and 10 gnns. of atarch. The experimeat 
should be performed where tliere is a good draught of air, as nitrous 
fumes are copiously evolved. When the evolution of the fiimea has 
nearly ceased, the solution ia transferred Ut an evaporating dish ant 
slowly evaporated to about one-sixth its bulk. On cooling the 
tion, oxalic acid will he obtained in transparent crystals. 

334. Oxalic acid occurs in crystals having the formi 
CjH.jO, + 2 H,0. Tlic cTj'stals lose the water of crysl 
lion wlifii dried at 100°, and at the ordinary temperature 
the air they effloresce somewhat. The crystals are much mor^ 
soluble in hot than in cold water. Oxalic acid dissolves the 
metallic oxides with facility, forming oxalates: on this fiiot 
depends its use in cleaning articles of brass and copper, and 
rfoioving spots of iron-rust and ink. 

Hxp. 148. — Dip a piece of white elotb 
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wati when (by unmeiBe it in a BoluLion of ozalii: acid, made bjr du- 
Bolviug 'i.5 ipTOB. of oxalic acid in 50 c c. of water. Then linse tl 
cloth ill water ; the color will be tlisiihaiged. 

Wriling-ink owes its color to a taiinate of iron (§ 331), which i 
ftqwsura to llie air becomea nearly insoluble iu water. The oxalic 
acid destroys this compound and forma with the iron a soluble i 
bination. 

325. From the formula of oialic acid, C,H,0,{H,0,C,0,), the 
eiiatence of an anhydride C,0, might be inferred, an oxide of ( 
bon intermediate between CO and CO, Such anhydride haa, hoW' 
ever, never been obtained. Wlien oxalic acid is treated with Btrnng 
Bulpliuriu acid it ia broken up, the eutphuric acid retaining the H,0, 
aitd the C,0, dividing into CO and CO, In fact, this is a common 
way of making carbon protoxide. By distilling alcohol with oxalic 
acid, oxalic ether or ethyl oxalate ia obtained (C^J,C,0,. 

32G. Kalio acid (C^O,) occurs abundantly in unripe apples, 
and. in moat acid fruits, such oa tbo gooseberry and cuixaut. As 
potassium mulate, it occurs in the rhubarb, and crygtols of this 
ealt may be obtained by evaporating the juice of the leof-stiilks, 
Calcinm molate occnrx in sumach berries and in the sap of the 
maple. In boiling down the maple sap to obtain the sugar, fine, 
Lani crystals of calcium malate often Eep.mte. Malic acid may 
be obtained iu crystals, bat they are extremely soluble in water, 
and deliquesce in moist air. 

327. Tartaric Acid (C,H,0,). — Tartaric acid occurs in a, 
great variety of pl.ints ; the commercial supply is obtained from 
the grape. All varieties of wine during fermentation deposit 
OH the inajdes of the caslcs a crust called ai^ol. This argul or 
crude tartar is a hydrogen potassium tartrate, commonly called 
" bltartrate of potash ; " when purified, it is called " cream of 
taxtar:" from argol or cream of tartar tartaric acid itself may 
be obtained in transparent crystals, which are permanent in tb* 
dr. 

Eip. 149. — Dissolve 20 grms. of cream of tartar in 150 c. c of 
hot water, to which 10 c. c of strong chlorhydric acid have been 
aildwL To the solution add milk of lime (made by stirring 20 grma, 
of slaked lime, calcium hydrate, into 100 c. c. of water) until the 
solution ^ows p iliHtiuctly alkaline reaction. Insoluble calcium 
17 
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« Mttleit to the bottom of the liquid, and Ehould be coUfidadoi 
filter and washed. Transfer this ciilcium turtrate to u tlajik, luiil ino 

c dilute Bidphuric acid (made hy adding 10 gnas. oil of vitriol to 
rater), iind boU for some lainutes. The sulphuric BciJ 
catises the formation of caleitun aulphnte, and free tartaric acid ie left 
in the liquid. The insolublB calciuiu aulphole is removed by filtrsdon ; 
the filtrate is concentrated by evaporation over the lamp to the bnlk 
of 20 C. c, and allowed to cool. CryataU of tartaric acid sepvate 
from the liquid. These cryetolB are drained from the mother liquoi 
and pressed between pieces of filter-paper ; they may be purifioi by 
dissolving them in half their weight of boiling water, and allowing 
the flolution to cool, when a considerable part of the acid crystallizea 
out again. 

328. Tartaric acid finds important applications in the art of 
dyeing, and many of the tartrates are important compounds; 
Rochelle salt Ls a sodium potassium tartrate : tartar emetic is an 
antimony potassium tartrate ; both these salts are used in medi- 
cine. The 80-callod " Rochelle powders " contain cream of ta^ 
tar in one paper, and hydrogen sodium carbonate in the other ; 
when the two materials are mixed in water, carbonic acid Is set 
free, and Eochelle salt remains in solution. 



Exp. 150. — Disaolve 10 grms, cream of tartar in 175 c. c. of hot 
water, and to the solution add a strong solution of sodium carlwniile 
as long as tlie addition produces effervescence. Evaporate the solution 
over the lamp to the bulk of 20 c. c, and then allow it to cool. Crys- 
tals of Rothelle salt will be obtained. 

329. Citric acid {C^,0,) occurs very abundantly in the juioa 
of the lime and the lemon, and has been found in tho tomato 
and in most acid fruits. If, may bo obtained crystallizod, with 
one equivalent of water, in large tninaparent crystals. It has a 
simr, but rather agreeable taste. It ia used by the oalico-printr 
ers, and to some extent in medicine, especially as mas^Tieaium 
citrate, 

330. Tannic Acid. — Tannin is the general name applied 
to an astringent principle contained in the leaves and bark ot 
ninny forest trees, such as the oak, liemlock and iiine. Simi- 
lar suljstaucea occur in the leaves and bark of many fruit- 



I, in the roots of certain plants, aa well as in cofTee and 

ea. These substances possess an acid reaction, and several 
idjstinct acids )iave been identitied in tlietu ; the tanniii derived 
fium gall-nut i^ calltid gallo-tannic acid; tliat from ouk bark 
called ^oerci-taanio acid; that from coSee, cafFeo-tannio 

.a. 

331. The principal applications of tannic acid in the arta 
I in the preparation of writing-ink, and in the manufacture of 

leather. 

151. — Boil 10 gnus, of powdered nut-galls in about 60 c e. 
tX water for several hours, replacing iroiii time to time tiie water 
liyevapiirution : a solution of tannic acid is thusobUincd. Allow 
mixture to settle, anil decant the clear Uc^uid into a clean bottle. 
To a portion of Ibis solution add a lew drojis of a solution of co])- 
(iron sulpbate). A violet-cotored pi'eeipitate in formed, which 
grtulually changes to black ; it ia an iroit laiimiCe. If tbe solutiou of 
tuiuic aciid were made viscous by tbe addition of a little gum, the 
IfrecipilAte would remain suspended in tbe liquiib Common ink ii 
from these materials. 

p. 192. — To anotber portion of tbe tannic acid solntion, add 
A few drops of a solution of gelatin or isinglass. A copious white 
gelatinous precipitate falls. 

On the projterty just Uluatrated, of uniting with gelatinous 

inattera to form insoluble compounds, depends the use of tannic 

BCid in tanning. If a piece of raw hide from which the hair 

Pias been removed be immersed in an infusion of tbe bark, the 

latinoua matters of the hide gradually remove the taimic acid 

>ni the solution, and combine with it to form an insoluble 

mpound, which remains in the structure of the liide : the akin 

us altered is leather. 

332. In E^. 151, it was seen that a solution of a salt of iron 
IB blackened by tlie addition of a solution of tannic acid de- 
red from gall-nnts. This i-eactinn may bn made use of as a 

tat to demonstrate tbe presence (,f taimic acid. 

I. 153. — Boil a few tea-leaves in a small amount of water, 
ind to tbe liquid add a drop or two of a solution of copjieraa, Tha 
blackened, and after a time a. block precipitate of irau tan.- 
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Date Bubsidea. Tbe presence of tannic acid may be Bhown dmilarlj 
in coffee, in hemlock bark, in liorse-ehestmit husks, etc 

333. Oallic Aoia— The gaU-nuLf used in Exp. 151 are eicres- 
cencea proluceil on a B|iei:ie3 of oak hy the punctureB of a certain in- 
aect Eesiiles tiuinic aciil, the nut-;,'alls i:<jntai& a small perceatjige 
of another acid, faille acid. Qallic acid may also be produced 
by boiling a aolntion of tannic Qciil (from nut-galh) ivith dilute sul- 
phuric acid. The composition of gallo-tannic acid ia CgH„0„ ; when 
boiled with dilute sulphuric acid, it unites with the elements of voAe:, 
and. forms gallic acid and glncose (§ 294). 

C,^0„ + 4 H,0 = 3 C^O. + C,H„0, 






Glue. 



Tannic acid is the representative of a class of bodies, which, by 
reaction analt^iiB to that represented above, yield glucose : they are 
hence ciilleil glncoaidea. 

334. The Vegetable Alkaloids or organic tases occur in 
small quantities in various jjlanta of which they constitute tlifl 
medicinal or poisonous principles. Tliey occur in combination 
with some acid which is generally peculiar to the particulal 
plant in wliich they are found. They are only slightly eohiWn 
in water, biit are readily diasolved by aleohoL They resemble 
ammonia in containing nitrogen, in having an alkaline reaction, 
and in uniting directly with acids to form salts, wliich as a rule 
crystallize readily. 

335. Opium is the dried juice of the poppy. It contaiM 
besides certain gummy, resinous and oily bodies no less than sis 
alkaloids in combination with a peculiar acid called meeonic aai- 
Of these alkaloids morphia, or morphine, is the moet iiniwrtHot 
as a medicinal agent. It is usually administered as sulphate M 
chloride. Morphine or opium in small doses acts as a sedative, 
in large doses as a narcotic poison. 

Strychnine is a highly-poisonous alkaloid which occuis in 
the St. Ignatius bean and in the nus vomica, associated with 
bmcine. Of the two, strj-clinine ia the more violent poison, 
although both are very powerful in their effects on the hving 
organism. 

The hark of the cinchona, a tree found native in Peru, ecu- 
tains several bases, of wliich the most importanb are qoiaiaa : 
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and oinclioiiiiie. Quinine possesses TEduable medicinal propor- 
tiea, and is used as a febrifuge ; ciuchonine is a!ao employed as 
a medicine, but is of less value than quiniua. 

Caffeine or Theine occui'a in tea iiuil coffee, und may be ob- 
taincil therefrom in white cfystals; theobromilie ocuiira in cacao; 
nieotine is tlie cbirf alkaloid in tobaccu, and is a very violent 
poison. 

336. Organio Coloring Katton.^ — -^Nearly all of tlie oi^nic 
coloring matters used in dyeing are of vegetable origin. They 
occur sometlmea in tlie roots, sometimes in the stems or Kirk, 
sometimes in the flowers or even in the seeils of the plant from 
which they are derived. Some coloring mattefs occur reaily 
formed, in the plant, others are the result of the action of the 
air or some ether chemical agent upon natural products. Thrao 
substances in many cases are not chemically related to each 
other, but they are classed together on account of their ossociit- 
tion in the arts. A few of the more important will be here 
mentioned. 

337. Kadder is the root of a plant grown extensively in the 
East, in the south of France and in some other localities in Eu- 
rope. It is used principally in dyeing reds and purples. The 
coloiing matteTS do not exist ready formed in the plant, but are 
produced by the decomposition of a body contained in it. The 
principal coloring matter, and the one to which madder owes its 
value, is a substance called alizarin. 

By the action of redacing agents alizarin {Cj,H,0,) is converted 
into a bydrecarbon identical with anthracene (C,^J, a compound 
occuring in conl-tar (^ 281) j and recently chemists have succeeded 
in preparing alizarin artificially from anthracene. 

Among other organic coloring matters used in dyeing various 
red dyes are Brazil-wood, logwood, safllower and cochineal. The 
last is a dried insect, which, when ahve, lives on a. tropical plant, 
a species of cactus. The coloring matter, carmine, is soluble in 

Exp. 154. — Boil 2 grms. of cnieiieH granules of cochineal in 
"S c. c. water for some minutes. Filter the colored solution and pre- 
squeut experiments. 
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338. Yellow dye-stuffs are querritron, olitamed bora the 
bark of a variety of oak, funtie, frnm the wood of a Wtst- 
Inilian tree, turmeric from the root of an Fjist-TnJian pkut, 
and a coloriuy matter obtained from " Persian berries." l>^ 
tain si)eeies of lichens also yield coloring matters ; the dye- 
Btuffe known as archil, cudbear and liiTnas are derived (wm 
such sources. 

339. Dyeing. — One method of dyeing fibres or fabrics uf 
animal and vegetable origin has been illustrated by Exp, 130, 
in which simple immersion of the wool in the solution of picric 
ai;id sufficed to give it a yellow color. 

Exp. 159. — Into a warm solution of picric acid prepared u 
directed in Exp. 130 put a piece of cotton cloth or a ekeiu of cot 
yarn. Alter the cotton has been immersed in the solution for « 
time, take it out nnd rinse it with water. It will be found that the 
cotton is not colored. 

This experiment illustrates a very important difference be- 
tween the fibres of vegetable and those of animal origin, 
almost all the vegetable coloring matters, it is true, that thay do 
not directly produce fast colors on cotton or linen, while iasf 
readily color articles of wool. 

Exp. 156.— Prepare a solution of the coloring matter of log- 
wood by dissolving 1 grm. of extract of logwond i 
Allow the liquid to stand for a short time until it becomes Deul)' 
clear, and then decant it from any insoluble matter which may » 
side. Place a quantity of tbe nearly clear solution in a porcelail 
evaporating-dieh, put into it a piece of cotton cloth S or 6 c. m. aqnaie 
and boil for some 10 minutes. On removing tbe cloth, it will b« 
found possible to wash out moat of tbe dye, leaving the cloth (ittlj 
slightly colored. 

Bxp. 157. — Into a quantity of logwood solution equal to ^t 
employed in the last experiment, put a piece of cotton cloth S or6 
c m. square which bas previously been soaked, first in a solution of 
common alum, and then in ammonia-water. Boil tbe solution, a 
the previous experiment. When the cloth is removed, it will be found 
to be quite strongly colored. 

Tbis experiment illustrates the fact that it is possible to impregnate 
the cloth with certain substances which hare the power of A 
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in the coloring matter and holding it firmly. Such subitancM &re 
calliitl mordants, and as thej are generally corapounde of some of 
the metiils, their action will be better studied hereafter (§ 451), 

310. Indigo, — Of tbe vegetable dyes, one of the most im- 
portant, and one which possesses considerable chemical interest, 
is indigo iwed, as is well known, in producing a very pennanent 
bluo color. Crude indigo contains a blue coloring matter which, 
when purified, is known as indigotin or indigo-blne. Its for- 
Mtila is CiiHiuITiOt, nnd it dilfcra from the other coloring mat- 
ters previously mentioned in that it contaius nitrogen. The bluo 
coloring- matter does not occur ready formed in the plant, but is 
produced by a sort of fermentation. Indigo-blue is insoluble in 
water or in alkaline liquids, but dissolves in fuming sulphuric 
acid (§ 136), forming a deep blue solution. 

Exp. 168. — Upon 1 grm. of finely powdered indigo pour 6 grraa. of 
fuming sulphnrio acid and let the mixture stand for Bonie hours in a 
warm place. On the addition of water u deep blue solution is ob- 
tained. Onliiiary strong sulphuric acid will dissolve indigo, bvit it is 
necessary to take a much larger quantity {in this case about 12 or 14 
gnns.), and to heat the mixture to about 60° ; moreover, when thus 
heated a portion of the blue coloiiug-iuatter is destroyed. 

3il. The deep blue liquid formed l>y the action of sulphuric 
acid on indigo contains at least two acid compounds. The solu- 
tion is, however, commonly spoken of as snlpMndigotic acid, 
anil is used just aa made, or partially neutralized with sodium or 
potassium carbonate, in dyeing the color known as Saxon blue, 
and in the preparation of various sorts of bluing. 

342. When bine indigo is treated with reducing agents, it is 
converted into a colorless compound soluble in alkaline liquids 
and known as "wMte indigo." On exposure to the air, the 
white indigo ia reconverted into insoluble indigo-blue. 

Ejcp. 159. — Into a tesf-tuhe put as much finely powdered indigo 
as can be taken on the point of a small penknife, and hulf a tea- 
spoonful of fine zinc filings (sine dtmt is best if it can be obtained). 
Pour into the test-tube two teoapoonfula of a moderately strong solu- 
tion of caustic Boda and heat the mixture : the caustic soda acts upon 
c and hydrogen is set free ; by the action of the nascent hydro- 
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gm the imligo'blue is coriTerted into white indigo, anJ t 
indigo iliBsolves in the aikaline liquid, forraiDg a yellowiah aolutioa.' 

The fonuala of white inJino \s CieHnITiOi. When a 
golation of n-hite indign is exposed tn the air, it is cmiTeited into in 
blue :— CiiHiiHtOt + O = Ci.Hi<>N|Oi + H^. 

B^>. 160. — Piiur out a jiortiuii of the Bolutioa of the prececUq 
expvriiiieiit iiitu a RhoUow dish atid observe that in uutitact w' ' 
tixyj^ii of the air insoluble indigo-blne is formed. 

Bxp. 161. — Dip a piece of white cloth or filter paper i; 
]ii[tild remaining in tliu test-tube. As soon as the moistened cloth n 
imjier comes out into the air it will turn blue. 

The experiment illuatrato the method actually employed to k 
extent in dyeing with indijjo. Other reducing agents are also n 
(very commoidy a mixture of slaked liute and copperas), the actioB 
of which will he better miderstood hereafter. The doth dipped iii 
the Boliition of white indigo becnmea thoroughly impregnated m 
thia solution, and when the indigo-blue is fonned, it ia formed wiA& 
and among the fibres of the cloth, so that the coIot is " fait." 

3+3. Physiological ChemiBtry. — The study of the varion 
fluids and solids occuiTing Ln the living animal, and concemdi 
in the proceasBS of circulation, respiration and digefition, beloiuj 
more particularly to that branch of the science 
physiolo^cal clieinistry, and ia not fitted for s 
manual. 

ThB chemical relations of the substances concerned in t 
vit.ll functions are, aa a rule, but imperfectly understood, a 
many of tlie substancea themaelvea are extremely comple* 
thus to albnmuL has been assigned the formula C„Tg.^N„BOB 
but such fonuiJiB are to be reganled only as rough appruxiiM 
tiona. Bodies of like complexity also occur in vegetabli 
although the raass of the plant is made up, as wo have seen, i 
substances comi>aTatively simple in composition. The rat 
particular study of the chemical phenomena involved in t 
growth, nutrition and decay of plants belongs to agrionltui 
chenuEtry. 

In this place, brief mention will be made of a few of fi 
more important compounds which occur in animals and pla; 
&im1 wku^ bave not aa yet beeu coBaJdawd. 



K S4li.l ALBUMIX. — FIBPjy. — CSSKtS. 

f- 344. Al)inTnin occurs abundantly in many of the flaitlB and 
soft solida of the animal body. It U must familiu' as the tnkUe 

^of the eggs of birds; it is found also in cuosiderabla proportiuii 

•4s the blood, although blood'albumin dilfers in some of ite cLar- 
^tere froni egg-albumin. Tlie most striking properties of albu- 

Siin are its solubility in water, and its coagulation by heat and 
other agents ; these propertied may be exhibited with fresh white 

1^ Exp. 162. — Beat oi whip tbe wbite of an c^ to destroy the 
. transparent membrane of the cells in whieb the albumin is htdd, and 
iflgitAte a portion with water : it dissolves readily. 
1. Exp. 163. — Add strong aloohol lo a portion of the solution ob- 
i^ained in Exp. IfiS. The albumin is coagulated. 

fBxp. 164.^ Place a little of the albumin in a test-tube, put the 
tube into water, contained in a beaker or evaporating-disli, and heat 
tbe dish. Obeerve that the albumin coagulates »ome time before the 
(vater is hot enough to boil ; naiuely, at about 60°. 

b Albumin is a very complex: compound of carbon, hydrogen and 
ygeo, and contains also a. certain proportion of nitn^eii and sul- 
ur. A body of similar corapositiou occurs in v^tables, sud ia 
■^Balled vegttaih aihamin. To the presence of sulphur in albumin, and 
fa a somewhat similar body which oceurs in the yolk of e^s, is due 
tb% peculiar odor of rotten e^ ; to the same presence is owing the 
' fact, that silver spoons used in eating eggs arc stained, silver sulphide 
tbeing formed. 

\ 345. Fibrin occurs in the animal body in a soluble and in 
tan insoluble 8t'''^i . In the soluble state it occurs in the blood ; 
i_l)iit when exposed to the air this fibrin coagulates and forms the 
fic/o^ By washing the clot with water, a white, stringy mass of 
.fibrin is obtained. In the insoluble state it forms the fibres of 
'muscle ; it may be obtained by washing a piece of lean meat 
'JBpeatedly until the coloring matter is removed. In composi- 
fiion fibrin approaches albumin, but contains more oxyj^en and 
ttritrogen than al bumin. A similar body called vegetable fihria 
"Tccurs in gluten. 

34G. Casein occurs in the milk of animals. It bears soma 
jemblance to albumin, but ia not coagulated by heat. 

lat«d by acids and by rennet, the inner membrane of 
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the atoiaach of the calf. Advantage is taken of tins fe^'n 
the nmnufiicture nf cheese, which is made by wanning tw 
milk in contact witli rennet ; the cusein is coagtiltited a 
riaee to the surface cariying ^vith it the fattj matters hd 
Huspended in the milk. The cord thus obtained trhen presso 
iDchesH. 

347. KiUc consist? mainly of water holding in BolnUoif 
coHein, milk-sugar and certain salts, Buch a 
sium chlorides, niid the phosphates of calcium, ma^esiutn ai 
the alkaline wetols. It holds in suspension a number of eU] 
globules, and when allowed to stand quietly these globules ri 
to the surface, fonning the cream. The residue, alter the renio^ 
iif the cream and the coagulation of the casein, is the wA<jM 
Butter is made by agitating the cream, so as to break up tbtr 
little globules of oily matter, and allow it to collect together is 

Bxp. 165.— Allow some fresh milk to stand until the cream h 
risen to the Borface. Eemove the cream by sfciniming, and to d 
skimmed milk add a little dilute Bidphuric atid. The milk is eurdirf 
that is, the casein is coagulated and liaes to the Burface. 

348. Legmnin \& a substance which resembles casein ; ] 
occurs in peas, beans, etc. The Chinese make a sort of vegl 
table cheese frnm peas. 

349. Gelatin and Glue. — Gelatin is a body consisting o 
the same elements as albumin, hut in somewhat different propa 
tions. Gelatin is obtained when the bones or skins of animal 
are boiled in water. It is eolnble in boiling water, but the sola 
tion gelatinizes on cooling. Olae is an inferior variety of geli 
tin, made from the parings and refuse of ox-hides, Tlinglmi j 
made from the swimming-bladder of stu^eons and other lishq 
and is nearly pure gelatin. I 

Gelatin does not occur ready formed in the bones, skin, eh 
but is produced by the action of lioiling water on a substaiH 
so contained. This substance is called ossein ; a soroewhi 
similar substance, which occurs in the shells of lobsters an 
ctaba, and in the skins of earthworms, is called chitin. 
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' Bzp. 166. — Itnmeree a, clean bone in dilute chlorhytlrie arfrl 
j (niaile by tlLuting the oomniercial ncid with sii times its bulk of 
water). The mineral part of the bone will gradually dissiilve away, 
and after tUree or four dayx tliere will lie left a flexible substanca 
which preserves tlie ahape of the bone, and when dry has a translu- 
cent, homy appearance. This is oiitin. 

Bxp. 167.^Boil the ossein of Esp. 166 with water for geretal 
hours. It ilisaolves almost entirely, being converted into gelatin. 
Allow the solution to cool ; it will gelatinize. 

350. Decay of Organic Substances. — Oi^^ic substances, 
partly on account of the comploxity of their structure, are very 
liaLle to untlergo change. This is eapecially true of substances, 
■which are the immediate product of animal or vegetable lifo. 
The ultimate or final products of the deeay of animal or 
' TTcgetablo matter are mainly carbonic acid and water, eince 
' the greater part of all ot^fanic matter la made up of carbon 
and hydrogen {and oxygen). This complete conversion takes 
, place when the aubstancea are exposed to a high temperature 
,1 with free accesa of oxygen. lu the ordinary processes of 
decay, however, a vast variety of intermediate products are 
formed, some of which are very offensive, especially when 
gulphur is an ingredient of the decaying substance. By the 
decay of substances containing nitrogen ammonia is formed, 
and, under certain conditions, nitrit: acid; nitratei are always 
'found in the soil and in well waters of thickly inhabited locali- 
ties, and ealciam nitrate Is made artificially by allowing nitro- 
I.geDOUS oi^anic matter, mixed with lime or plaster, to decay 
filowly in the sir. 
351, The intermediate products of the decay of organic 
.' substances are as a rule imperfectly known ; certain fonns of 
I decay, such as the various sorts of fermentation, have been 
• oarefully studied, but in other cases, as in the slow decay of 
', woody fibre in the soil, little is known with certainty on ac- 
■ count of the difficulty of isolating the various compounds in a 
Jstate of assured purity. Even in the caae, however, of simple 
I fsroientatiou of grape-sugar, the chemical changes are by no 

£ simple as might at first appear from Ezp. 100, § 2S6. 
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Althoi:^ the reaction of § 193, wluch represents tiie coaTe^ 
sion ol' the sugar iuto carbonic acid and alcohol, expresses ths 
main reaction which occura, yet, in addition to tlieae products, 
there are formed eeveroi otlier bodies in greater or less amount; 
thus laetir. and succinic aeidn, glycerin and a brown eubetoiice 
resembling caramel are among the usual products of alcoholic 
fermentation. 

352. The natural decay to wMch dead organized bodies an 
prone may be arreated more or less completely by the use di 
certain chemical agents, or in some cases by the simple exclo- 
sion of air. Warmth and moisture are among the oonditioia 
&vorable for the beginning of decomposition ; in a cold cHtuate 
or in winter, animal substances may be kept for a much longer 
period than in summer. 

Among the chemical substances used as antiseptie or prfr 
■errative agents are common salt, which is uaetl in the cming 
of meat and fish ; wood-smoke, which owes its virtae t) ths 
kreasote (§ 282) contained in it, and which is used in the smak- 
ing of hams and other articles of food ; kreaaote itself and ca^ 
bolic acid, the use of which was illustrated in Exp. 128 ; and 
the dead oil of tar (§ 275), used in preserving tinjber. The 
effect of the exclusion of air is illustrated in the canning of 
fruits; also by tbe domestic proceasea of "preserving" fruits 
hj immersion in strong sirup. 



CHAPTER XVm. 
SELICOIT Aim BoaoB. 

SILICON (ni). 

353. After oxygon, Bilicon is the most abundant and widely 
ditftued ^ all the chemical elemeiitB. It occura in cumbinotioD 
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"with oxygen as flUios and in comljination with oxygen and 
various metallic elemeiit^ aa silicatea of those elements. 

354. Silicic anhydride ur Silica (BiO,) occurs in nature as 
quartz, flint, rock-crystal, agatu, ttc. It occura also in plants, 
particularly in the outer covering of the stalks and the husks 
of grain. The cuticle of rattan, for example, contains a large 
proportion of silica, and the same remark is true of most of the 
grasees and grains. The value of the pknt called horse-tail 
(Equuetwn) OB a polisliing or scouring agent depends upon the 
large quantity of silica contained in it 

355. As it occura in nature, silica is insoluble in water, but 
dissolves with more or leas difficulty in caustic eoda (or potash), 
forming sodiiun (or potassium) silicate. The potassium and 
sodium silicates are used in the arts under the name of water- 
glau or BOlable glau. 

Exp. 168. — To a concentrated solution of water-glass contained 
in a small Kvaporating-dish, add enough strong chlorliydric acid to 
make the solution acid. There will separate a thick jelly-like mwm 
of silicic acid (H,8i0,). Evaporate the contents of the dish to i!ry- 
ness on a water-hath, and then heat the residue gently over the gas- 
lamp. The mass will contract in bulk, and, on adding water, there 
will remain undissolved a line white powder of silicic anhydride. 

Bzp. 169. — Take a very dilute solution of water-glass, and add 
dilute chlorhydric acid drop by drop until the liquid has a decidedly 
acid reaction. No precipitation will occur : the silicic acid which is 
set free, as in the preceding experiment, remains dissolved in the acid 

It is possible, also, to prepare an aqueous solution of silicic acid, 
but if these solutions he evaporated to dryness and the residues 
benteil, there is formed in each case the insoluble silicic anhydride. 

356. Silicates. — Silicic anhydride combines with many 
of the metallic oxides to form Eilioatei. Hundreds of sili- 
cates occur in nature as :;rystalliiwl minemla ; thus ordinary 
ftddsjiar is a double silicate of aluminum and potassium, com- 
mon mica is a complex silicate of aluminum, iron and potas- 
aiiHa. 
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S.')?. Olaai. — Besides the silicates wLich occur in natan, 
there are artilicial silicates of great importjince in the arts and 
in tivety-day life. Sodium eiiicate (water-glass), which hua 
already been alluded to, is extensively used by calico-printera 
Mid soap-makeis. Its chief use, however, is as a cgmponent 
of common gl&si. The variouB glares of commerce are mix- 
tures of a highly silicions silicate of sodium, or of potassiuni, 
or of Ijoth these substances, with silicates of other metals, sucli 
as caluitim, aluminum and lead. The silicates of the alkaline 
metals are non-crystalline and soluble in water, the silicate of 
most of the other metals have a tendency to assume the crp- 
talline form. It lias l>eeu found that, by combining the alka- 
line silicates with the silicates of certain other metals, such u 
calcium, there may be obtained compoimd glasses which, while 
they retain the amorphous character of the alkaline sihcates, 
are capable of resisting the action not only of air and water, 
but even of acids and alkalies, to a very great eatont ; thus, 
ordinary window-glass is composed of silicates of sodium and 
calcium ; Bohemian glass, suitable for ignition-tubes, consists of 
silicates of potassium and calcium ; flint-glass contains silicates 
of potassium and lead. Bottle-glass is a mixture of silicates of 
coluium, aluminum, irou and sodium. The silicates of some of 
the metals are colored ; the green color of bottle-glass is due ta 
the presence of ferrous silicate ; cobalt silicate gives a beautiful 
blue, manganese silicate a violet and uranium silicate a yellow 
color to the glass. 

358. Silica and the silicates are readily attacked by floin^ 
hydric acid, as has been aheady seen (Exp, 41, § 100). 
When silica is treated with dry fluorhydric acid gas, there is 
formed a gaseous compound known as silioon fluoride (SiF,) 
which, in contact with water, decomposes into gelatinous sili- 
cic acid, and another compound known as flno-nlloic Mid 
(aHF.SlP,): — 

3 BiT. + 4 H,0 = BiH,0, + 2 (2 HP.SiFJ 

Exp. 170, — InW a perfectly dry lube of hnni gliu=9. No. 5, doeed 

at one end, drop a small quMitiiy (a« muob m oan be takes on ikm 




^t of a penknife) of a mixtnie of equal purta of fine quarU 
and powdered fluor-spur (cakiutu ftuoride). Moisten tlie 
kith u (iroji of fltrong Bulphiirio acid, nnd ^^ ^j, 
heat in the flame of tiie Imnp. GaseouH ailicon 
fluoride will escape from the tube, and if a drop of 
water in the loop of a bit of platinum wire, or on a 
colored glass rod, be held at the mouth of the tube, 
the water will betome eloudj from the deposition 
of silicic auid. 

359. Bilicon (Si) may be obtained pure from 
a compound known as potassium fluo-aiJicate. 
Three allotropic conditioiis are known cor- 
responding to the three modifications of carbon 
{§ 174). The amorphous variety is a brown 
powder which burns readily in air or oxygen, 
forming silicic anhydride (BiO,). The atomic 

tnght nf silicon is 28. 
560, Silicon in Organic Compounds. — The moat impor- 
Bt of the organic compounds containing silicon are the 8o- 
ca,lled silicic ethers or the silicates of the organic radicals ; 
thus methyl silicic ether ia (CH,),B10, ; ethyl silicic ether is 
(C^,),SiO,, etc. These are all artificial bodies ; they are vola- 
!, inflammable liquids having generaUy a 




BOROJT (b), 

in is found in nature in combination with oxygen, 
|< boracic acid, and in combination with oxygen and some 
! element, the most important compound being BOdinm 
umonly called borax, 
1 certain volcanic districts in Tuscany, jets of steam niiied with 
r vapors escape continually from cracks in the soil, and bring to 
the sui'face small quantities of boracic acid. Since boracic acid is 
not volatile, in the ordinary sense of the term, at temperatures as low 
as 100°, it appears that it is transported mechauicaUy by the steam, 
much in the same way that dust is carrieil along by a current of air. 
The jets of vapor, ladea with boracic acid, are made to bubble 
through water as tbey escape from the earth, and the solution thus 



210 MAXUFACTCRE OF SALT. 

then pumped out and evaporated. Some natural brine-eprings et 

so Biiwll a proportion of «alt tliol some cheaper mode of uvapotation 
than bj- fire is veasatiaX to their ptufitiible wurkiii^. Suoh wiUun ure 
concentrated by u process termed gradmttion. The brine in puiujied 
up U> a BufBuient height, and then allowed to trii:klc slowly over largu 
stacks of fajjots, which are sheltered by a roof Irom mu, but aru 
freely exposed to the prevailing wind. The brine, thus diffused over 
a very large surtace, is rapidly concentrated by the draught of air. By 
repeating the process a moderate number of times, a weak brine mav 
be brought tn a degree of coucestration at whicb evaporation by 6re 
may be employed. If the strong brine is boiled dowu rapidly, a fiiie- 
groined table-salt is obtained ; if it is slowly evaporated, a hjitl, 
coarsely crystallized salt is the product. The thick mother-liqm 
^vm which no more sodium chloride will crystallize, contai:ta ik 
more soluble salts of the original brine, such as calcium cldoriJd, 
magnesium chloride and bromide, besides a lar^ prupoition of com- 
mon salt whicb cannot be separated from the iii[uor. Such motlier- 
liquuis are sometimes so rich in magnesium salts as to be advan- 
tageously worked for these substances, and they are also sometiinia 
profitable sourced of bnimine. Considerable quantities of magneaiuM 
salts and of bromine have also been extracted from coneentralnl 
sea-water, alter all the available sodium chloride has been withdrawn. 
The salt of commerce generally contains a small proportion of ning- 
nesium chloride, which makes it slightly deliquescent and bitter; 

Hxp. 174. — Dissolve 9 grms. of fine salt in 25 cc of wal«rat 
the ordinary temperature. Add to the solution another gramme of 
Bait ; it will not dissolve. Bring the solution to boiling ; the added 
gramme of salt will barely dissolve. Sodium, chloride is scarcely mote 
soluble in hot than in cold water, wherein it differs from the grral 
majority of soluble salts. Evaporated brines deposit their salt irith 
almost equal facility when hot and when cold, but the hot liquoiv will 
hold in solution a much greater projxirtion of the salts with wlu^ 
the sodium chloride ia associated, than the cold brines could retun. 
In the process of evaporation by fire, the associated magnesium, cal- 
cium and sodium salts do not, therefore, crystallize with the common 
salt, but remain in the hot mother-liquor, 

368. The uses of common salt arc manifold ; Buice it ia a con- 
atituBut of olraoBt all kinds of food, and esaeutial to the life of 
apimals, it ia not surprising that salt exists in small quantities 
in almost every spring, soil, plant luul aninial, xite kutia^tM 




SODIUM SULPHATE. 211 

f salt is applied to the preservation of fish, meat and 
Salt is estenaivelj- employed in glazing earthen-ware, ife 
rolatilit; at fumace-heat combining with other qualities to fit it 
for this USB. Immense quantities of salt are consumed in pre- 
paring sodium sidijhate, irotn which in turn common " BOda " 
(sodium t^arhouate) is mada Salt is also the souice &om which 
chlorhydric acid is derived (§ 72). 

361). Sodiom sulphate (Na^O,) is made in great quantities 
from common salt and sulphuric acid as a preliminary step in the 
manufacture of sodium carbonate. 

The process has two stipes. The mixture of anlt and aulphnric 
acid ia first heated in lai^e, covered cast-irou pans. Ah in Exp. 28, 
ohJorhydiic acid is disengaged from the mixture, and ia absorbed by 
being passed through vertical stone towers filled with lamps of cuke, 
over which water is kept trickling. The reaction wbioh takes place 
in the iron pans is not complete, a portion of the sodium chloride 
remaining undeeomposed. The reaction at this first stage may be 
represented as foUows ; — 

2 NaCl -I- H,SO, = NaCl -f HNaSO, + HCL 
The paaty mass is then puabed into an adjouiing fire-brick chamber, 
which is strongly healed by flues from a furnace. The hydrogen 
endium Bulphate, of the last reaction, decomposes the remainder of 
the salt, and a further quantity of cblorbydric acid is di^ngaged to 
be condensed by the water in the coke-towers, while sodium snl- 

NaCl -f HNaSO, = Na,aO, + Ha. 
The sodinm sulphate, resulting from this process, ia a white, 
anhydrous salt, which dissolves easily iu water at 30°. When a 
strong solution of tlie anhydrous salt, made at this temperature, 
is cooled, there separate large, colorless crystals of a transparent 
ealt, bitter and cooling to the taste. This salt, long known as 
Olaaber's salt, contains, besides the elranenta of sodium sul- 
phate, ten molecules of water ; it therefore answers to the 
formula, Na^O,,10 H,0. The crystallized salt loses water on 
exposure to dry air ; it effloresces and is converted into the 
anhydrous salt. 



M.TUni-: OF SODIUM CAItBOXATK [§3:0, 

B^. ITS. — Dbsolve 10 ^m^, ol crystallized Glaul>er'a «ilt in 
wuter, tho temperatiire nf wtieh has been previoualy observad ; Jui^ 
ing scilnlion, the tuiuperalure falla, — cnU ia proJuued in consBijuajw 
of iha expenditure of somu of the heat of the mixture ia overconuDg 
the cohesioa of the ci'yataUized Bait. Dissolve it like qnontity of 
effloresced Qlaulier's aalt (anhydrotiH sodium aulphate) in u uiiaJl 
bolt of water ; heat ivill be developed. A part of the water is soliili- 
fled by combining ivith the aiihydrous sulphate to form Uie hydnti-! 
sulphate, and the heal, which before kept that quantity of water llturf. 
being set free to do other work, raises by a certain, amount the l*ai- 
peratiire of the miitm^ 

370. Sodium Carbonate (NsjCO^- — The mamifacture d 
this KubsUuicQ constitutes one of tiie most important branchM 
(if chemical industry. Immense quantities of it are consnawi 
in the fabrication of glaas and soap, in the preparation of the 
various compounds of Bodium, and in washing, both by the 
tnanufocturer of cloth and in the household. The ashes of em 
mid sea-shore plants were formerly the aourue of the sodium 
carbonate, b\it it is now chiefly made from common salt bj a 
process callod, from the name of its Fiench inventor, Leblano'l 
process. 

The first Btage of this proceaa we have aheady studied ; it oomjsIs 
m tlie preparation of the sodium sulphate from tonimon salt. In the 
lecond st^, the eodium sulphate ia mixed with coal and chalk, oi 
limestone (calcium carbonate), imd heated in a revurberatory fumtwe. 
The carbon of the coal takes oxyijcn from the sinlinra Biilphsle 
(IfafSOj), and would leave sottium sulphide (IfHiS) ; but, iit the 
same time, an interchange takes place between tbe sodium siilphiile 
and the calcium carbonate, forming sodium carbonate and calcium 
sulphide. The mass remaining after the reaction ia complete is called 
" black bail" or " Vdack nah." When cohl it is systematically wasbel 
with warm water until all the soluble portions are extracted. The 
mlution is evaporated in lai^ iron pans by the waste heat of tho k- 
verlieratory furnaces, and again calcined. The product of this heat- 
i[]g is the Kda-aah of commerce ; it is almost white, and generally 
contains about 80 per cent of pure anhydrous sodium carlionate- £^ 
some caustic soda is alwiiys contained in the black-ash, the solution is 
frequently concentrated until the carboiinte crystallizes out, and tin 
mother-liquor is used for the manulacturc of caustic soda. 
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Fig. 84 represents a wverberatory funwoe euuli us i» used in tlw 
nianufactuTc of wrought iron : the furnituea used iu the uiiuiiiitiutun: 
ofsoiltt-ash differ ill 
Iheir {Ictails from , 
t)iu one figureil, bnt | 
the gener&l priltci- 
1>Ig is the aame. 
In a reverbMftlory I 
Amiacv the aub- I 
Ktanve tu be bested | 

iimaediutB uootact | 

with tbe fuel ; 

|iT« ia Luilt upon I 

Jie grate-bara (G) 

■nd the flame plays mer the Leartb (H) the heat beiiif; refieLlcd 

downward from the curved roof 

The so-called crysials of anda ore obtained bj diBaolving the crude 
WNla-mb in hut water, aud Battering the hot iiolution l<> eriol in large 
pans. In the coui'ae of five or ebt days, lai^ tniiiHpiireut cryslala ate 
formed which contain 82.93 per cent uf wat«v, and corresjiuud to the 
fonnulu HajCOj.lO H,0. The crystals etiloreflce in tbe uii ; they 
have a diaagreeable taste, called alkaline, (tie soluble in very large 
proportion both in hot and cold water, and even melt at a moderate 
temperature in their own water of cryBtalliMtiou. The crystals reod- 
Hy part with all their water, and the dry residue raelta at a bright 
red beat ; this residue ia anhydrous sodium carbonate, purifieil by the 
process of crystallizntion which it has undergone. In this cunh, aa 
in all others, the process of crystallization cfinswt'! eBsentially in the 
aggregation of like particles ; the strong tendency ia to exclude hete- 
rogeneous particles, or, in other words, impurities, from the crystalliz- 
ing structure. There is no more universally applicable und valuable 
means of purillcation than the process of crystidlization. 

371. Hydrogen Sodinin Carbonate (HNaCO,). — When 
massea of cryatiils of hydrateii sodiuia carhotiate (aoda crystals 
ai'e exposed to im atmospliore of carbonic acid gas, they absorl 
carbonic acid with an evolution of heat Bufficicnt to expel the 
greater part of their water of crystallization. A white powder 
whose formula is HlTaCO, ; the dualistic formula 



fropert.es of sodium. [§ 372. 

(f 153) is Na.0,H,0,2 CO,, whence ita most famUiar name, 
^ bicarbonate of soda. Thk aubatanue ia one of tke ingre- 
dients in most of tlio artiiiiiial yeaats used for Tailing; breuJ, 
cake Bcd puddings, and is knovn to grooers and cooks as " soda," 
althmigh the constituent which ia really utilized is the carbonic 
acid. 

From sodium bicarbiMiote, carbonic acid niay be set free by almost 
any acid or acid aalt. "Roohelle po^rders" coniiiBt of sodium 
bicarbonate in one paper and creuiu of tartar in another ; when these 
two luateraalB are luLccd in water, carbonic acid is set free, and a 
double tartrate of Bodium and potaeainm, called Rocbelle lalt, 
and used aa a. purgative, remnina in the liijuid (see § 328). Whan 
bread or cake ia "laiaed" with "aoda" and cream of lartar, ihe 
escaping carbonic acid is the agent in puffinf; up the dough, and the 
same Rochelle salt remains iu the bread. Tartaric acid mid creun 
of tartar haying been dear in late years, a cheaper chemical ywHl 
powder baa been made from acid imlciuni phosphate ; when Uiii 
Bubstance reacts within the dough with sodium bicarbonate, then 
lemains in the bread a mixtiu« of the phosphates of sodium and ul- 
cium. Alum is sometimes used for the same purpose. It is neceeuij 
to employ for such purposes, in connection with the bicarhonalc, adii 
or acid aolts which are solid, and not so coirouive as to be obviouaij 
dangerous and harmful, 

372. Sodium (Na). — The element sodium is never found 
imcombined in nature, for the reason that in ita elementary con- 
dition it cannot exiat in contact with either air or water. It 
ia, however, artificially prepared from sodium cai'bonate withont 
serioua difficulty, and it might be produced in considerable quan- 
tities if there were any large use for the element. The atomic 
weight of sodium is 23. 

The properties of the element SOdinm are very curious. Thfl 
substance, when freshly cut, or when melted under naphtha or 
in an atmosphere artificially deprived of oxygen, has the hril- 
liaut, white, metallic lustre of silver. Though possessing eo 
eminently this characteristic property of the class of bodi«a 
called metala, and being like them a good conductor of boat and 
electricity, sodium is far from reaembling the ordinary metals in 
other reepecte j thus it ia lij^ter than water, havii^ a speotfiD 



§ 373.] SODIUM DECOMPOSES WATER. 

gTSTity of only 0.972, whereas the common metals are dense and 
heavy ; again, it is aa soft as wax at cumiaon tempeMtureH, imd 
melts at a temperature below that of boiling wiiter ; wliile it hiia 
none of tlie uom^rarative perDiaoeuce which characterizes luaJ, 
tin, copper, silver, gold and other familiar metals. If exposed 
to the air, even for a few seeon<ls only, it tarnishes, and aooQ 
Womcs covered with a coating of oxide. Hence ihu neceasitj 
of preserving the metal undur some liquid which, like naphtha, 
coDtaiua no oxy^'en. We have already seen that it decomposes 
cold water (Exp. 8), setting free its hydrogen, and combining 
with its oxygon. 

Exp. 176. — Cover the bottom of a large Lottie (at least a li[re~ 
bottle) with hot water, drop in a piece of aodluin aa large as a small 
pea, and immedintely cover the mouth of the bottle with a card or 
glass plate. The heat cau^ by thu i^bemical eumbiiialion of the 
Bodium and the oxygen of the water is sufficient to iiillajne the hydro- 
gen set free ; the escsping hydrogen carries with it a small ^. »_ 
3M>rtion of the volatilized Bodium, and therefore hums with 
an intensely yellow flame which is veiy chorocteriBtic of 
sodium compounds. The metal swims rapidly about o 
the surface of the water, and is completely converted into 
eaostic soda ; at a little interval, after the flame has censed 
to bum, a globule of caustic soda, which has escaped solu- 
tion, bniats and scatters in all directions ; the mouth of the 
bottle should always be covered to avoid the possible pro- 
jection of particles of hot soda out of the bottle. The water in the 
bottle, tested with litmus paper, will be found to possess a strong 
alkaline reaction. If the bit of sodium be previously wrapped np in 
a piece of cloth, it will take hre in cold water or even on ice. The 
cloth prevents the sodium from moving about, and the lieat of com- 
bination is therefore concentrated upon one spot 

373. Sodium Hydrate (NaHO). ~ When sodium is bamt 
upon water, a solution of aodinm hydrate possessing an intensely 
alkaline reaction, remains behind ; but the hydrate is, in prac- 
tice, made from the carbonate. The sodium carbonate is dis- 
solved in boiling water, and slaked lime mixed with water to 
the consistency of croam is run into the hot liquor. The cal- 
a of the slaked lime replaces the sodium in the sotliom ear 
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taA tbeii fuse to a transparont gloaa. If enougli borax t 

BuliJ, transparent bead witliin ihe loop does not adhere to tlie hot wir| 

the first lime, the hot loop may "be dipped fi second tiina iaiil 

V\s, 6«. ilie powdered borax. When a transparent gksa li 

O fonoed within the loop of llie platirmm-wire, touri the kai 

of gloBB, while it is hot and eoft, to a speck of manpineBe \a 

nnxide nn bigi^'er than the peiiod of this type; rehealth* 

bead with the adhering particle of oxide in the oiidiilBj 

Qame ; the black speck will gmdnally dissolve, ai 

tliroiiyh the bead towards the light, or a white wall, whan tB 

oxide haa diaappeai-ed, the gbas will be seen to liave ■ 

sumeil a purplish-red color. 

' Tlie same experiment may be perfonued with iron ft 

which imparlK tu the gl:is« a yellow color, or with 6 

oxide, which impaita a bliiiah-green color. T 

flame must be used in both these cases, as wilh the nul 

J iraneae oxide. 

6 

The power which borax posseases of dissolving metallic oxid 
sagge&ta an explanation of its use in brazing and in soldeii] 
the precious metals. The Bolder will only adhere to a bn^ 
and clean metallic surface, and the borax which melts with t] 
Bolder removes from the pieces of metal the film of osida wLi 
would otherwise prevent the lulliesion of Uie aolder. Borax 
also used by the assayer and refiner as a flux. 

377. Other Componndfl of Sodium. — Sodinm nil 
(NbWOJ, a somewhat deliquescent and very Bolubia soil, 
abundantly on the surface of the soil in certain desert 
of Peru. It is employed in the manaiactorc of nitric and 
phurio acids and as a manure. There are several phosphates d 
sodium corresponding to the different varieties of phosplu 
acid. The most familiar of these phosphates, ami the one cOT 
monly calhid sodium phosphate, is a crystallized salt of the 
mula HNa^O,.12 H,0- 

378. Sodium Snlphide. — Compounds of sodium and 
phur may be formed by heating sodium sidpljate (Na^O.) * 
charcoal ; by heating sodium carbonate «nd sulphur togetl 
uod by boiling sulphur with causlio nxk. Them an at 1 




POTASSll^M. 

mpounds (Na^, Nb,8„ Ha^„ Ha^,, Na,B^ all 

a water : wlien troated with an ficiii they iill give off 

rogen Bulphido (§ 117) and from all tixuopt tlia firat there 

1 precipitate of liuely divided milphur, known as miils of 

IT, There is also a compound (HaHS) called sodium aul- 

e (hydrogen sodium sulphide) auulogoua in composition 

&Bodium hydiate (HaHO). 

>. 178. — Into a Biiiall fla»k put a pinch Fit 67. 

a flowers of sulphur and two teaspoonluls of a 
lotion of cituatic noda. Buil the soiutiou for so 
minutea \ the aulphur disappears and the liquid 
hecomea dork cuioreil. To the soluttoD of audiimt 
sulphide thus ubtuined, odd dilute chlorhydric 
acid until the mixture turns litnmH ^ujier red ; 
observe the odor of hydrtgen sulphide and also -• 
„^ precipitate of Huli>huT. 
b 379. Sodiiim silicates may be prepared 
P^r dis3olTiag wXwa. ia laustic soda, or by fusing together silica 
"rfiid sodium carlionate. The silicate of commerce caUed water- 
glass is of varying composition. Sodium silicate is an ingre- 
ilieiit of common glass, as has already been sees. Sodium 
Ityposalphite (Na,8,0,, S H,0), is a erystalliKed salt much used 
by photographers, because its (iqueous solution is capable of 
dissolving silver chloride, I'Tomide and iodide, — compounds 
mployed by the photographer, and very insoluble in 




CHAPTEK XX. 
POTAflSimi (K). 
The proximate sources of sodium compounds are the 
and salt springs and deposits. Potassium compounds, on 
other hand, are derived indirectly from the soil. Arable 
produced by the weathering and gradual decomposition 
I the common granitic rocks. These rocks contain a certain, 
it of potassium, silicate ', the element potaisiuia thi:^ be- 



POTASSIUM OSIOIZES READILY, [j 38t 

seveml drops of a Rolntion of caustic j'"''''^!'- Copper hydrate is 
thrown down iis a delicate, liliie, iiisolnble precipitate, while colotleM 
potassium sulphate remsius in salulion. 

CnSO, + 2 KHO = CuH,0, + ^SO.. 



384. FotaMinm (K). — Thia element, like sodium, is made 
frum its oarb.riiate by heating inteDsuly a mixture of t!ie car- 
bonate and charcoal, in accordance with the reaction : — 



KjCO, + 2 C : 



: -|- 3 CO. 



Potaasinm is a, ailver-white substance, of very brilliant lustre, 
wiiicli is brittle at 0°, soft aa wax at ordinary t<;mpeiatures, fiisea 
at C2°.5, and is volatile at a red-beat. It is lighter than water, 
having a specific gravity of only 0.865. It is almost instan- 
toneoualy oxidized by air and water at the ordinary temperature, 
and, when heated, by nearly every gas or liquid which c 
oxygen. Like sodium, it must, therefore, be collected and kc$ 
under naphtha, out of contact with the air. 
Bxp. IBL^ Throw a piece of potaHsiuni, as large as i 
_,. g_ pea, upon BOtiie cold water in the bottom of u large hot 

I and place a canl or glass-plate over the mouth of the 1 
tie. The pota^ium decomposes the water, and evolvei 
heat enough to kindle the hydrcgen which is given off; 
this hydrogen biuns with a pnrplish-red color, imparted to 
the flame liy a nnimte iguantity of vaporized potasaiiun. 
This color is characteristic of potossiniu compounds, as a 
yellow color is characteristic of sodium cnnipournls. The 
water will have an alkaline reaction from the formation 
of potassium hydrate. 

Exp. 182. — To a gas-bottle in which carbonic acid is 1 
steadily evolved, according to Exp. TO, attach a chloride of caleitd 
tnhe, and beyond this drying-tube a short tube of hard glass, from 
which an exit-tube leads into a small open bottle, as shown in 
Fig. 70. When the extinction of a lighted match in the open bottle 
proves the apparatus to be full of carbonic acid, thrust into the haid.,- 
glass-tube ft bit of potassium as liig as a pea, previously dritA 
between folds of blotting-paper, then gently hent the potoasium « " 
ahaap. The potaanum will take &» sndbuniBttheei^aMaf'gi 



rmation 



^>gen of the carbonic add, and blnck particles of eachoa will be du- 
poeited upon the walls of the tube. Alter the reaction bus ceased. 




and the tube has been allowed to become cold, place it in a botlle of 
water, so that the ealine ouus (ixttosfliutu carbonate) niuy cliusulve ; 
the particlea of ciirbon will then be seen more clearly, floating in the 
Squid ; they may be collected upon a filter. The ruaction which has 
inken place imiy be thus expressed : — 

4 K -j- 3 CO, = 2 K,CO, + C. 
S5. PotaBsium chloride (KCl) is a Bubordiiiate aouree of 
^taasium compoundB. It occurs in sea-water and in brine- 
i^ringa, and is a secondary product of several manufacturing 
©perationa. Potassium chleride resembles common sallr^in ap- 
pearance and in taste ; it is somewhat more soluble in water 
aud volatilizes at a tower temperature. Potasiinm bromide 
(KBr) and iodide (KI) resemble the chloiide. They are mucli 
used in medicine, and the iodide is extensively employed by 
photograpliots. 

366. PotaBsinm cyanide (ECN) ia a white, fusible, deliques- 
cent stilid whi'.'li may bu made by fusing nitrogenous organic 
matter with potassium carbonate or hydrate. It is of great 
HBO in galvanic gilding and silvering, since gold and silver 
cyanides ara both soluble in a solution of potassium cyanide. 
Its solution dissolves silver sulphide, and has, therefore, been 
enggested for household lase in cleaning silverware ; photng- 
raphers sometimes use it for removing stains of silver nitrate 
horn the hands; but both these applications of potassiuiu 



POTASSIUM FERRlCyAHIDE. [§ 3gT. 

CTfmiile on dangeroua and inexpedient. The cyanide U in- 
tens^Jy poiaouous, not only when taken internally, but alsi> 
when brought in contact with an abr.isioa of the skin, a mit 
or acratoh. As a reducing agent, potaasiuiii cyanide lias '^rwi 
power ; it is eapecially naeful in 
blowpipe reactions. 

Bxp. 183. — Scoop oat a little hoi- 
■ at one end of a bit of charcual 
) 12 cm. long. Introduce into the 
'■ hollow a mixture of equal purta of tin 
oxide (SnOJ, dry Bodinm carbonate 
and potassium cyanide. Heat with the 
redudiig blowpipe-flame, for a mitiutB 
two. Metallic tin will be reduced 
BnO, + 2 KCy = 83 + 2 KO7O Cpotjtasium cyanate). 

387. PotaBsimn Ferrocyanide (K^eCy-j). — When potas- 
eium carbonate ia fused with nitrogenous organic matter potas- 
aiuni cyanide is fonned, as has been stated in the preceding 
section. When this fusion takes place in the presence of iron 
(as bon filings, for instance), the fused mass treated with wat«t 
yields a solution of a salt known as potassium ferrocyanidtt. 
This salt crystidlizea in lai^ yellow crystals, and ia met with in 
conunerce under the name of "yellow prusaiate of potash' 
nearly in a state of purity. 

Pntasaiiim fermnyanide ia a salt of an acid called forro-cyan- 
ti7drlo acid (H^PoCj,), a compound of liyitri)aei\ \ntli tbi! liyi^i- 
ihetiual quaiiiivatent radical fBiTO-C7anogen, FeCy,, or Taj. 
When p(>tas6iiiDi ferrocyanide ia heated with sulphuric acid, it ia 
decijmposed in accordance with the ; 




E4PeC,N„ 3 H,0 
= 6 CO -f- 2 KjSC 



+ 3H,0 
4- FeBO, 



Sulphuric ft^Ld. 
+ 6 HjSO, 
-I- 3 (NH,\80i. 



prololide. sulphito. mlphata, sulpbila. 

This reaction has already lieen taken advantage of in the prepara- 
tion of carbon pnitoxide (Exp. Bl, § lil5). 

388. Potassium Ferricyanide (K^eCy,). —When a cnrrent 
of chlorine giis is piiased through a solution uf ferroeyimide 
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potassium the following reaction takes pliice : — K^eCy, -f- CI 
^= KjFeCy, -|- KCL The liompouiicl K,PeCy,, potnsaimn ferricy- 
anide, may be obtained in beautiful ilepp-red crystala by evap- 
oratin;^ the eolntion, Tliia compound ia known in comiaercu !ia 
"red pruaeiate of potaah." 

Potassium ferricyonide i* a salt of feni - oyanliydrio add 
(H^eCy^, a compound of hydmsen willi Ihe Ljpotbetiual tiiva- 
lent ladiifd, FeCy, at Fdoy. Tlus ferro- aud ferri-cyaniilea of 
potosaiiun alTord valuuble means of identi^ng iron in its com- 
pounds, OA will be st'un in § 477. 

389. Potassium BUlphate (K,SO,) dilTers &om sodium sul- 
phate in crystiiUizinf,' aa an anhydrous salt. The salt enters inta 
the composition of many of the double sidphatea which are 
called alnma, from the name of the commonest member of tha 
cliLBS, the aluminum and potiisaiiim sulphate. 

390. Hydrogen Fotasriom Snlpliate (heSOJ. — This salt, 
commonly called the " bisulphate," is form&I on a large scale as 
a residuary product, whenever nitric acid ia manufactured Srara. 
potassium nitrate. When ignited, sulphuric acid is given off 
and potassium sulphate remains : — 

2 (HKBO,) = K,SO< -i- H^SO,. 

391. Potasrinm Nitrate (KNO,). —This valuable salt, com- 
monly called saltpetre, or nitre, is yery widely diffused in nature. 
In many localities, it is found in caverns or caves in calcareous 
formations, but the chief commercial source of the salt is the soil 
of tropical regions, especiiUly of districts in Arabia, Persia, and 
India, where the nitrate is found as an efflorescence upon the sur- 
face of the ground, or iu the upper portion of the soil itself The 
saltpetre ia extracted by treating the earth with water, and ob- 
tained in an impure state by evaporating the solution. The 
crude product ia purified by successive recrystallizations. 

s natural production of nitrates appears to result mainty from 

1 putrefaction of vegetable and animal mnttera, in presence of the 

t nod of alkaline or earthy bases capable of fixing the nitric acid 

IS formed. The well-waters of towns, contaminated by neigh- 

n cesspools, nearly always contain nitrates. Nitrates 

J wanting in a fertile soil, or in spring or river water. 




SS6 oxiDizma power of potassium nitrate. 

The prooeBB of nitrifiatiion Beeina to be brought about by i 
fermeat which llvss in vegetable mould. We have seen that tbe ye^ 
pkntaccom|)lishes tbccouversiou of HUgBrinto akobol ($225); mint- 
thing eimilar is aiip|>osed to take ploct! in Ditriliuatinn. 

392. Potaasinm nitrate is white, inodorous and anhydrons, 
and has n cooiing, bitter tnste. When pure, it is permanent in 
the air, — a fact of great importance, inasmuch as the chief um 
of this salt is in the manufectiire of gunpowder. Were it 
hygrospopic, like aodium nitrate, it would iiot be applicable to 
this use. It is very soluble in water, especially in hot water ; 
it melts below a red heat to a colorless liquid without loss of 
substance, but at a red heat it gives off oxygen, and suffen 
decompoBitiiiu. Its most marked chemical characteriBtic is its 
oxidizing power. 

Bzp. 184. ~ Mix 5 grtua. of powdered saltpetre with 1 grni, of 
dry, pgwden--J ohiutoal ; plai* tbe miiture on a piece of porcelain 
S%, in, ami ignite it with a hot wire. When 

tile deflagration is over, a white eolii 
will be found upon the porcelain. 
' DinBolve this solid in a few drops ivf 
water ; the solution will be alkalilis 
to test-paper j add a few drops of s 
ililute add ; a brisk offervewaii* 
marlia the escape of carbonic acid. The nitrate has oxidized lliB 
carbon to carbonic acid, port of which escaped with the nitrogen 
during the dellup'.ition, while part entered iuto combination with lie 
polii.'^Fium : — 4 KWO, ^ 5 C = 2 K,CO, + 3 CO, -|- 4 H. 

Gunpa-wder is an intimate mechanical inisture of soft-wood char* 
coal, sulphur and potassium nitrate, in the proportions of 70 or 8" 
per cent of the nitrate to 10 or 12 per cent of each of tlie other 
ingredients. When gnnpowder bums in a closed space, the reaclioii 
that takes place is quite complex ; speaking in general terms, how- 
ever, we may say that the oxygen of the nitrate combines with tbe 
carbon to form carbonic acid and carbonic oiide, while the HuIpbnrB 
retained by the potassituu, and nitn^en is left free. A very large jH*- 
portion of gas, as compared with tbe bulk of the solid powder, is thtis 
evolved when powder is burned. Moreover gunpowder bunis rapiilly 
and with great evolution of heat, so that the volume of gas, laige It 
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temperature, is enormously eiqiandwl iit the moment of its fomu- 
liMice it hoppcim that the t>as twt &ee mny be •'apAliIe uf ocoa- 
a thousand or fifteeu hunilred tiiiies as much space as the 
powder which geiicnitt^l iL Au eiionuous pressure itt thus ciigeu- 
dereil at Lbe spot where the powder liuroa, otul to thia pressure sonu 
part of thti matter which couhiius the powder must yield, in the 

Kof flre-ftrms it 18 the ball which yitlda to the presBure ; in blast- 
it is the solid rock itself that is turn aparL 
^ »93. Fotaniiim chlorate (KCIO,) is a white, cryslallieed 
salt much used in raedicLae, in calico-printing, in pyrotechnj, 
in the match -manufacture and in the chemical laboRitorVf on 
account of its large oxygen contents. It is an ori<liziug agent 
ftf the most vigorous description. At a red heat it is resolved 
bo potassium chloride and oxygcu (£xp. 4) : — 

KCIO. - ECl -I- 3 O. 
Potassium chlorate is so prompt an oxidizing agent that mii- 
rea of it with combustible bodies often detonate violently when 
Mck or heated. These comhustions are attended with great 
unless very small quantities be used. 
TstAp. IBS. . — Provide a bit of ordinary phosphorus, as large as a 
^'b hend ; add enough finely powdered potassium chlorate to covet 
the phoBphorUB ; fold the mixture tightly in a small piece of vrriling- 
paper ; place the parcel upon an anvil and strike it sharply witb ■ 
buonLer. The mixture will eiploda with violence, 
b Btrong acids like sulphuric, nitric and cblorhydric acids, de- 
wnposc potassium chlorate with evolution of oxides of chlorine^ 
of chlorine and oxygen. The deeom position ia often at- 
tended with decrepitation, and sometimes with a flashing light ; 
comlmstibles, like sulphur, phosphorus, sugar and reain, are in- 
by the gases evolved. 
1.186. — Pour into a coiiioil test-glasa 25-30 cc. of watwv 
w into the water some scraps of phosphorua, weighing to- 
il more than 0.3 gmL, and 3-4 gnus, of crystals of potassium 
By means of a thistle-tube bring 5 or 6 c e. of ationg 
:c acid into immedtnte contact with the chlorate at the bottom 
B glas& Then withdraw tiie thifitle-tube. 




838 AMMOXlfJM SALTS. {\M. 

pbngplioius is kimllcd, and burua with vivid flaahes uf light beoeaUi 
the W'ltt-r. An eyoluiJon of ebloriue actmrnpanies the reaction. 

Bzp. 187. — Bub 4 or 5 gnua. of clean potaswuni uhlorate, ftw 
from dust, to a fine jK»wder iii a porcelnin mortar. In powiicring 
potassium chlorote, care must be taken that the mortar and pestlii axe 
piirfcctij clean, and the Bait it free from oiganic matter, and Tiolenl 
percneaion and heavy preesure upon the contenta of the mortar 
]je whuily avoided. Plaue the powdered chlorate on a piere of pti[>ei, 
add an equal bulk of diy, powdered ko^x to the pile, and witL tie 
fingers and a piece of card, mix the two luateiials thoroughly togetLi 
Mixtures of potaa^iuiii chlomte and organic matter axe liable to e 
plode, if strongly mbbed or but lightly strnck. Wrap the miitaw 
in a paper cylinder, and place the cylinder on a brick in a etrong 
draught of air ; let Ml upon the mixture a drop of sulphuriu add 
fiom the u»d of a glass rod ; a very vivid combustion will ensne, with 
tlie violet-colored flame uharacteriatic of pottesium. 

394. FotaSBiniU tartrate (k,C,H,0,) is a very soluble urys- 
taUine salt ; the hydrogeu potiissium tartrate (HEC^,0,), 
kno«Ti in the crude state as " argol," and when purilied aa 
" cream of tartai'," has already been described in § 337. 



CHAPTER XXL 

AlOIOininil BALTB. 

395. By neutralizing an aqueous solution of ammonia with 
nitric acid there ia formed, in accordance with tlie reBction 
NHj.HjO + HMO, = {NH,)WO, + H,0, a body, {NHONO,, 
corresponding in composition to potassium nitrat* (KWO,) ex- 
cept that the group of atoms KH, taltes the plaue of the stom 
K. If we had used chlorhydric acid there would have been 
formed a body, 1TH,C1, cnrrespouding to potassium chloride, 
KCl; sulphuric acid would give (NH,)jaO, corresponding to 
EgSOf To explain the constitution of these and similar salts, 
the group of atoms TSIB^ ia icgaided aa playing tha part ef i 
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metallic element, likesoditun or potassinm, and has received tbe 
name unmoninin. We have, however, no positive evidence of 
the separate existence and metallic character of this group of 
atoms NH,. 

^11 ammonium salts, whether solid or in Bolutdon, evolve 
amjuonia-ijas (NH,) when lieateil with the hydrates of sodium, 
potassium, ailcimu ami a few other motala. 

Exp. 188.— To a few cubic centimetres of a solution of ammo- 
nium chloride in a teat-tube, aiM a few drops of a solution of caustic 
soda, and boil the liquid. The gaseous ammonia can be detected 
by its odor. If in any case the ammonia evolved be in so small a 
quantity that its characteristic aniell cannot be detecled, it may be 
recognized by its projterty of restoring the blue color to reddened 
litmus paper {§ 60), and of forming white fumes by contact with a 
rod moistened with somewhat dilute chlorbydriu acid. The reaction 
may he formulated as follows : — 

KH,C1 4- NaHO = NaCl -f- NH, + H,0. 
396. The solution of ammonia-gas in water (NHj.HjO) may 
he regiirdcd as a solution of ammonium hydrate, (1TH,)H^ 
Comparable with the solution of caustic soda, NaHO, or caustia 
potash, EHO. This solution produces, indeed, many of the 
effects which the solutions of the caustic alkalies produce ; it 
lieutralizes acids, and seto free the hydrates of many metals from 
solutions of their salts ; it is capable of saponifying fats {§ 343) 
Biul is, in short, a powerful biM. 

Fzp. 1G9. — PiBsolve a small crystal of alum in 6-8 c c. of water 
in a te3l>tube anil sdd ammonia- water until the solution, after being 
welt shaken, smells strongly of ammonia. A gelatinous precipitate 
of aluminum hydrate will appear in the liquiiL 

Ammonium salts are very numerous, but only the few which 
are of present importance in the useful arts will be here de- 
scribed. 

397. Ammonium Chloride (NH,Cl). — This salt, commonly 
called sal-ammoniac, is found native in many voluanic regions. 

Tbe commercial supply of the salt was formerly obtained from the 
•oot resulting from the incomplete combustion of camels' dung. Tbe 
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raw material, whence ammoninni ealts are now jusniifactiiTCd, is 

(.leriveii from gaa-warks and bone-black fattoriea. CoaJ and bones 
coiil^B a jiortioii of nid'ogeii wliii^ during the proceat of ilistiUAtinn, 
is portitdlj converted JDto aoununia (§ 88) ; this animonia combiiics 
with the earbouiu ucid and Bulphuretted hydrogen, which are likewise 
proiiucta of the dia'iUation, ntnl thuae compounds are conilensed ialo 
a somewhat watery Hiimir, contaminated with tarry and oily maHere, 
from whii:h the umtiioiiium salts are subsequently eztraeted. 

Ammoniiuil chloride serves for the preparation of ammonia 
(Exp. 27), and of animonium carbonate. It is aomewLat ein- 
plpyed Id dyeing, nnJ also in certain processes with metals, sui 
OS tinniugr soldering' and silvering copper and brass, and galva 
izing (zincing) iron. When heated, it sublimes much below re 
neas, without undergoing fusion. 

Batp. 190. — Heikt a bit of aal-anunoniac on a piece of porceliuii, 
and oleerve the low tempeniture at which the solid ia completelj 
converted into vapor. 

393. Ammonitim sulphate ((ifH,),so,) is a colorless, crystal- 
line salt resembling potassium suljjhato. It ia employed ii 
manufacture of ammonium alum, as an ingredient of artifioiil 
manures, and an a source of other ammonium salts. 

399. Ammoninm Uitrate ((NHjNO,). — The method of 
preparing tliis salt, and its complete deeompiwitionhy heat, hs,n 
been already described (see Exp. 17, g 47 and § 67). The salt 
crystallizes in long needles ; it baa a pungent taste, is very solubb 
in water, and, in dissolving, produces sharp cold. 

400. Ammonium Carbonates, — The commercial carboDate 
(sal'Volatite) is a whiti', semi-transparent, fibrous substance, wi^ 
a pungent taste and a strong ammoniacal smeU ; it ia prepartii. 
on a large scale, by the dry diatiilution of bones, horn anil 
other animal matters. The product is purified from empywu" 
matic substances by repeated sublimation. Ammonium e 
bonate may also be obtained by heating the chloride (or snt 
pbate) with calcium carbonate ; the ammonium carbonate 31 
limes, leavijig a residue of calcium chloride (or sulphate}. 
There are several nraiuonium carbonates ; the most penaa- 
Daiit ifi the " bicaibonata " qx hydrog^a anuuonium 1 
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(h(ztH,)CO,). luto this the conmiercial carbonale wUuh ia 
an impiire product gradually clianges. 

401. The snlphides of ammonium corresptmd to tliose of 
Bodlum (§ 37S) ; a solution of the BOlphydrate (NH^s) which 
is colorless when fresh, but ^Tadually hoc;om«s yellow owiny to 
the fonuatiou of higher sulpludes, is muth used in the aiialytiad 
labMatory. 

402. iBOmorphism. — The resemblance of the salts of am- 
monium to those of potaeaium is rendered more striking from 
the fact, that in many cases it ifi true of corresponding salts, 
that the crystalline form of the two bodies, as well as thSir 
texture, color and lustre, is identicaL K sohitions pf the^ 
two salts be mixed, neither of the salta rai\ subsequently be 
crystallised oat by itself, when the solution is evaporated ; the 
ciystals obtained will be composeil of the two salts mixed ia 
tlie most varied proportions. Bodies which arc thus capable 
of crystallizing together in all proportions, without alteration uf 

a ciyetalline tbim, are said to be iBomorphoiu {lik&farmed). 
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CHAPTER XXir. 
LITEIini, BUSIDIUM, CJGBITTU Aim THALLnW. 



403. Lithinm (Id). — This rare metal ocuura as a constituent 
of not a few minerals, especially micas and feldspars, but iloes 
not form a large percentage of any of them. In very small pro- 
portion, it has been recognized in sea-water, mineral-waters and 
almost all spring-waters, in milk, tobacco and human blood. It 
is a widely-dJiFused, hut not abundant suhstance. 

Metallic lithium resemlilea sodium and potassium. It is the 
lightest of all known solids which include no air, its Hpeciiic 
gravity being only 0.59. The atomio weight of the element 
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is also lotr; namely, 7. In ite chemical relations, Htbimi 
closely rescmbtea sodium and potassium, but is aomewLut lea 
energetic. 

All the volatile lithium compounds color a gas-, alcohol- ( 
blowpipe-flame carmine-red. The most delicate reaction for the 
detection of lithium, the test which has revealed its exiBtenoB 
in a great variety of substances which were never imagined to 
contain it, ia the presence of one bright line, of a peculiar red, 
in the Bpectmni, seen on looking through a glass prism at a 
fluno colored with a lithium compound. 

404. Spectrum Analyaia. — We have had occasion to ob- 
serve that certaid cheniiial substances, like boracic acid and s&Itt 
of sodium, potassium und lithium, iBpaTt peculiar colors to t!w 
blowpipe flame, or to any other hot and colorless flame. 
these colored flames are looked at through a prism, a narrow 
pencil of the colored light being directed through a sht upon 
the prism, it will be seen that each diflerent flame produc 
pecuhar Bpeotnun, consisting of one or more distinct bright 
lines of colored light and bearing no resemblance to the continn- 
ouB band of rainbow- colors which constitutes the c 
trum produced by a pencil from any source of white hghl 
Thus, the spectrum of the yellow sodium flame consists of > 
single, bright, yellow line ; the purple potassinm flame gives 
a spectrum containing two bright lines, one lying at the ex- 
treme red and the other at the extreme violet end, and anothei, 
fainter red line ; while the lithium spectrum consists of a veij 
characteristic red line and a fainter orange line. 

The pecuhar lines which characterize the spectrum of any.' 
element are invariably produced by that element, an<l never 
by any other substance, and not only the color and numbtt 
of lines, but their position in the normal spectrum, always I* 
main unaltered. When the spectrum of a flame colored wid| 
a mixture of sodium and potassium salts is examined, the yat< 
low line of sodium is seen in its place, and the red and purpb 
lines of potassium are as visible in their respective positions I 
if no sodium had been present. This example iUust 
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one great adyantage whicli the use of the j,rism gives, — 
the unaided eye cansot distinguish tiie jK>t»ssium color Id the 
presence of the intense sotlimu-yellow, the brighter color hiding 
the paler ; but with the prism it ia easy tu detect each of sevenil 
iugrediente of a mixtuie by the appeaiance of its charactemtic 
lines. 

A new method of analysis, of estremo delicacy, ie based 
upon these facts. 6p«ctnuu analyslB is competent to detect 
tlio s.T3B!iiD0.Dinr of a gramme of sodium, or the sn.Tr^.Bini of 
a gramme of lithium, and many other elements in incredibly 
small proportions. So extreme is the delicacy of the method, 
that it brings into plain sigLt minute quantities which alto- 
gether escape the coarser process of analysis, and reveals, as 
substances common in familiar things, elements which were 
long supposed to be of extreme rarity. Tfaua, the presence of 
lithium, formerly considered a rare element pecuhar to a few 
obscure minerals, has been demonstrated by spectrum analysis 
in many drinldng-watera, in tea, tobacco, milk and blood. A 
still more atriking illustration of the value of spectrum analysis 
is to be found in the discovery of a number of new elementary 
bodiDs by its means ; among these elements are rabidinm, 
CEesinm, thalliani, indium, and gaUium. 

The methods and processes of spectrum analysis are not appli- 
cable to colored artificial lifjhta alone ; they have been applied 
with encouraging success to the lights of various quality which 
emanate hora. the sun, the stars and the nehulee ; hut the 
details of these observations belong rather to physics than to 
chemistry. 

405. Esbidiom and Csainm (Rb and Cn). — These two 
alements are always found together, and in association with. 
potassium. Tliough extensively diffused, they generally occur 
in very minute quantities. Snbidinffl seems to be rather the 
more abundant. Ten kilogrammes of the mineral water in 
which these metals were first discovered yield not quite two 
miUigrammes of caesium chloride, and about two and a half 
milligrammes of rubidium chloride. The properties of both 
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lubidium and caesium differ from those of sodium and potas^nm, 
aot in kind but oiily in d^ee. TLey are therefore daseed with 
soilium and jtotasaiiun ue alkaU-metals. The atoiuit; 'weight of 
rubidium is 85.7, of cjeaium 133. 

406. Thallium (Tl). — Tlmiliuni is a malleable, dnc-tik metal 
resembling letul in external choracteis. It is fouud ij 
varieties of iron pyrites. The proportiea of tballium are mia- J 
mediate between tboao of lead and those of sodium and potRfr-'l 
sium. Like the alkali-metals, it rq)laces hydrogen atom I 
atom ; its atomiu weight is 201. 



CHAPTER XXm. 
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407. Silver is a widely-diffused and (juito abundant a 
but ill its mode of occurrence it differs widely from tlio t 
metali which we have just been studying. In the first place, ! 
fiequently occurs native, both pure, and alloyed with mcrciq 
copper and gold, — a mode of oecurrence quite impossible ft 
the aUcali-metals, because of tlieir readiness to combine with Hi 
elements of air and water. The metal more commonly occurs i 
combination with sulphur, mixed with sulphides of le^, ai 
mony, copper and iron. It is from argentiferous sulphides tl 
llie larger part of the siiver of commerce is extracted, ai 
among ores of this kind, the ai^enliferous lead sulphide (galen 
IK the most abundant. Combinations of silver with BeleniiiO 
tellurium, chlorine, bromine and iodine are also to be enumeroti 
among silver-containing minerals ; of these the chloride (hot 
silver) occurs in quantities larj;e ennuRh to make it valuable 1 
an ore of the metal. It is noticcjil>le. that the only elemen 
which are extracted in any quantity from tlieir chlorides fl 
are sodium, potassium and silver. A small proportion of silv 



exists in sea-wat«i (about 1 miliigrammo in 100 litnis), an') 
its presence has been recognized in common Bait, iii L-!i<?niiciil 
proUucts in tha making of which salt is used, in various sea- 
veede, in the ashes of lauii-plants, iu the aah of ox-blood, and 
probably also In coaL In sea-water it exists, as sodium and 
potassium do, in the form of chloride. 

408. Silver (Ag). — The element lilver is much more famil- 
iarly known than any of its conipomiila ; known frotii tha 
earliest ages, this metal has always been priied as much for its 
beanty as for Its nuity. White, brilliantly luEtroua, suaceptible 
of an admirable polish, wonderfully malleable and ductile, the 
best known conductor of heat and electricity, fusible only at 
a very elevated temperature, and permanent in the air, whether 
tot or cold, wet or dry, it represents and embodies in the com- 
pletest sense all that is commonly understood by the term 
metal 

This word metal cannot be strictly defined ; it is a conven- 
tional term, vaguely used because expressing a vague idea. Thus 
metals would all be solid were not mercury, and perhaps ciesium, 
fluid ; they are generally heavy, but lithium, sodium and potaa- 
siiun Hoat upon water : they have all a peculiar lustre, called 
metallic ; but this lustra does not characterize metals alone, for 
coke and graphite, galena, molybdenite, and many other minerals 
often exhibit a similar lustre ; they may all be said to be opaque, 
but gold may be beaten out so thin aa to transmit a greenish 
light. While it is not possible to define the terra metal with 
precision from chemical, any more than from physical proper- 
ties, one general chemical fact deserves attention iu this connec- 
tion ; — the so-colleii non-metallla elements unite with oxygen 
and hydrogen to form acids ; while the metallic element! unite 
with oxygen and hydrogen to fonn bases. Tliis general fact, 
however, does not give a sharp Hno of demarcation, as some 
elements form both acids an<l bases ; tliua in the ease of 
arsenic, while there is an arsenic terchloride, there are alao 
araenites and arseniates of variims metals. Iii the table 
ou page 256 the elements preceding gold are those usually 
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known as non-metallic : those which fallow are the metallic 4 

meuts. 

409. Silver combines slowly with chlorine, brraniiie u 
iotUne, and promptly with sulphur. The tarnialiing of silver ji 
due to the formation of a thin film of the black sulphide o 
the metallic surface, by combination between the ailTci and ^ 
sulphur of the sulphuretted hydrogen which is often present 'n 
the air of towns and houses. The speoific gravity of silver 4| 
10.5, and its atomic wei^*t 108. 

410. The physical and chemical qualities of silver fit it b 
serve as a medium of exchange, and as the material of jew^ 
and plate. But as the pure metal wovild be rather too soil 
for ordinary use, it is hanloned by combining with it a smaB 
proportion of copper. The proportion of copper in the 
ard " silver employed for coinage varies in dili'erent countri«{ 
— in the United States and in Fiance it is 10 per cent; ii 
Great Britain it is 7.5 per cent ; in Germany It is 29 pW 
cent. 

Exp. 191, — Place one or two dimes in a small flask, and tarn 
them with nitric acid diluted with two parts of water. Warm tta 
floak gently in a place where there ia a good draught of air ; 
will gradually dissolve, with evolution of a gas, nitric oxide, whicfcr 
on contact with air, produces the abundant red fumes whidi 
from the flask ; add more nitric acid, from time to time, if necessHf 
to complete the solution. The blue solution contains both the sflw« 
and the copper dissolveJ in nitric add. 

Place in the bine solution two or tliree copper coins, and leave 
flask at rest for some days in a warm place. Then collect the li 
plates of pure silver, which have separated from the solution, upon 
fi-Iter, and wash them, fiist with water, and then with ammonia-wat 
until the ammonia- water no longer shows any tinge of blue. T 
silver, washed finally with water and dried, is wellnigh pure j if it 
again dissolved in nitric acid, the solution will contain nearly pi 
silver nitrate. 

411. Silver Hitrate (AgNO,}. — Tliis salt, as wa have' 
ready seen, is obtnin(«l iii solution by dissolving silver in nit 
acid. .Wlion such a solution is ovopotatad to the poiot at 
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tallization, the nitrate is obtained in tmnaparent, anbydroiie, 
tabuLir crystals, which are sohible in their own. weight of 
colJ water, and in hull" their weight of hot water. The fuBed 
Bait is used in sultry aa a cauatic, under the name of lunar 
caustic. 

Silver nitrate, when pure, is not altered b; exposure to sun- 
light ; but if it be in contact with oi^nio matter, light readily 
decomposes it, and a black, insoluble product is formed of no 
ordinary stability. Hence the solution of the nitrite stains the 
skin black, and the salt forms the basis of au indelible ink 
used for marking linen and other fabrics. Silver nitmte is much 
used in photography. 

412. Silver chloride (AgCl) occurs native sometimes in cubi- 
cal crystals and sometimes in compact, semi-transparent masses, 
which, from their general appearance, have given the mineral the 
name of horn-lilver. Silver chloride may be precipitated from 
any soluble silver salt by adding to the silver solution ehlorhy- 
dric acid, or the solution of any soluble cliloride. SUver olilo- 
ride is insoluble in water and acids, but is dissolved by am- 
monia-water, Exposed to the light, it is partly decomposed 
and becomes dark colored. Silver iodide and bromide are pre- 
pared by adding a solution of a soluble iodide or bromide, to a 
solution of some silver salt. 

Eip. 192. — Fill tliree test-tubes one-third full of water, and ponr 
into eaiih a few drops of a moderately strong solution of silver ni- 
trate. Add to the first test-tube 2 or 3 c c. of a solution of aodimn 
chloride, and shake the tube violently ; a dense, white, curdy precipi- 
tate of the silver chloride will be produced. Add to the second test- 
tube 2 or 3 c. c of a solution of potassium bromide, and shake the 
tube ; a yellowish precipitate of silver bromide will be thrown down. 
Add to the third test-tube 1 or 2 c. c of a solution of potassium ialide, 
and shake up the liquid ; a pale-yellow flocculent deposit of silver 
iodide will be formed. 

Withdraw from each test-tube a portion of the precipitate it con- 
1, and try to dissolve each precipitate in moiieratcly strong nitric 
; the attempt will fail, for these silver salts are insoluble in nitric 
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contains, and treat each precipitate with animonia'Water ; the sAia 
ctiluriile will diaeolvc easily, the bromide le»9 easily, the iodide villli 
dittiuultf. La£ll_v, pour upoa the renuiauts of the origiiuil pncipi- 
titteu in the Ihret; lest-tubes h modciatel; strong solution of sodium 
hyposulphite ; nil three precipitates will immediately dissolve. 

"Bxp. 193. — Precipitate aome curdy silver chloride by adding 
sodium chloride eolulion, or chlorhydric acid, to a solution of nivcr 
nitrate, so long as any precipitate, is produced. Throw the precipt- 
late upon a filter, and wash it with water ; then open the filter, spread 
the chloride evenly over it, and phice it in diiect annlight. The white 
precipitate rapidly changes to violet on exposure to the ann's nyi, 
the depth of shade increasing as the action of the light continues. 
Upon the facts illustrated in this and the preceding experiments tlie 
main processes of photography dejiend. 

413. Other Silver CompoundB. — Silrer oxide (Ae,0) <x 
responds to sodium oxide (Ka,0). It is decf.iiipciaed below 
r«l heat, giving up its oxygen. The hydrate AgHO is vm 
slightly soluble in water giving an aUculine leuction. At 60° 
is converted into the oxide (Ag,0)- 

Silver cyajiide (AgCN) is a white powder insoluble in waU 
It is soluble in putasaium cyanide, and so dissolved is used i 
electro-plating. Silver sulphide (A6,S) occurs as a native mi 
end. Silver sulphate (Ab,BOJ is formed when metallic silvi 
is boiled with strong sulphuric acid. The reaction which 

2 Ag + 2 H,aO, = Ae,BO, + 2 H,0 + SO, 

414. Photograpliy. — The chemical changes which the salts ( 
silver undergo, when exposed to light, are the basis of the art of pll 
tography, not because these are the only salts which are affected 1 
light, but because none are so advantageous, on the whole. 

In order to get a photograph upon glass, a tnuiBiiurent film capal 
of holding the necessaiy silver salt must firet be attached to the gL 
plate. Collodion, a solution of a variety of gun-cotton in a uiixU 
of alcohol and ether, is the material of this film. To the cal1odioiL< 
added a solution of potassium, cadmium or ammoniom iodide, at* 
miitare of these sails. 

The collodion thus prepared is poured rapidly over a clean and 
nahae of plote^bw ; tlw volatile lolTntta evaporate n^idly, and 
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the fiTtn is coherent, the glaw is allowed to remain for aeveral 
both of silver nitrate, very clightly acidified with acetic 
iM dilute nitric acid. A yellnw layer of silver iodide is produced in 
film, niid potaasiuiu, ciidntium or omnioniiuu nitrate disaohes in 
■the hath. The plate is then exposed in the camera for a few Miwinds. 
i^Fhen removed, no image is perceptible ; hut on pouring over the film 
solution of gallic or pyroj^lic acid in ulcoliol and acetic acid, or a 
Mution of ferroufl sulphate mixed with a few drops of a weak solu- 
n of silver nitrate, the ijiiage will be developed, slowly or rapidly, 
lording to the nature and atreiigth of the developing liiiuid, the 
of exposure, and the intensity of the light. The illuminated 
portions of the picture will appear, under the action of the developer, 
fuoK or less black, while the shaded portions will retaui the yellow 
(BOlor of the iodide. As soon as the details of the shaded jiortionB 
ippear, the liquid ia washed off and the development arrested. A 
Jtturated solution of sodium hyposulphite is then poured over the iilin 
$0 dieaolve off the yellow silver iodide where it has not been affected 
the liyht ; only the reduced portions of silver remain, and they ap- 
|kar more or leas opaiine. The plate must finally he very thonwghly 
' ■ all traces of the hyposulphite, and then dried and 

intmiahed on the collodion side to protect the film from injury. 

From the glaas "negative" thus produced, " positive" pictures on 
paper may be printed. The paper is floated for five minutes on a 
ablution of sodium or ammonium chloride ; when dried, it is floated 
fa a dark room, for five minutes, on its salted Hurfacc, in a solution of 
Wver nitrate, and again dried. To produce the positive picture, the 
|»per is exposed to light under the negative to be copied, until the 
lights of the picture are of a pole lilac hue, and the shades of a deep 
ttonze color. After being thoroughly washed, the paper is trans- 
a "toning" bath, which consists of a very dilute solution of 
sodium carbonate (" bicarbonate of soda") with a minute 
a of gold chloride. The picture is kept in motion while in 
; it remains there until its shades have acquired a deep pur- 
color. It is only in those parts of the picture in which the 
has been well reduced that this toning effect is produced. The 
e is again washed in water, and soaked for fifteen minutes in a 
m of sodium hyposulphite, in order to remove all the ailvet 
le which is contained in the substance of the paper. Finally, 
picture must be soaked for twenty-four hours in water which is 
itantly renewed, in order to wash away every trace of the com- 
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I Rodiim and edlver h}'pa8ulpliite. No photograph Trill 
loDg, unless the silver chloridu hat) beeu completely dbraolved by 
Lyposulpiiite, and the conipouiiJ hyposiilpLibi washed away withi 
thoroughnesa thdt Icavts no trace behind. If the first conditioa 
not fuliilluii, diiTuKed daylight will alter the picture 1 if the 
condition is not cninplied with, yellow or brown stains will ultii 
destroy the picture. 

Aa in every other art which embraces many details, and 
A trained eye and hand, eminent skill in photography can, 1 
be ac<inired only by lung practice. 

415. The Alkali Group. —ITie metals which must pi 
bo dftssed together under this head are sodium, potat 
moniuiii), lithium, nihidium and cfesium. Two other 
better classed with tlda group than elsewhere, but their likeness 
to the alkali-metals is but partial, and in many respects theit 
properties are quite unlike those of the six metals just enu^le^ 
ated ; these two metals are silver and thallium. The common 
properties of the alkali-metals are mainly these; — they iiave 
the lustre of silver, are soft, easily fusible, and volatile at 
temperatures; they unite greedily with oxygen, and decom-, 
pose water with faeiHty, forming basic hydrates which are vafj 
caustic and intensely alkaline bodies, not to be decomposed by 
heat ; their carbonates, sulphates, sulphides and chlorides, 
indeed the vast majority of their salts, are soluble in water, and 
each metal forms but one chloride, one bromide and one iodide ; 
they aJl form boaic hydrates, and never an acid hydrate ; th«7 
occur in nature in modes analogous, though not the same ; th«ii 
corresponding salts are often, though not always, isomorphous ; 
lastly, there is a general, though not absolute, uniformity among 
the formulie of the compounds into which these elements enter ; 
so that, if a compound of a given composition is proved to 
exist for one of these elements, the strong presumption is that 
analogous compounds with all the other elements of the group 
exist likewise with properties similar, though not identical. 

Silver and thallium present, on the whole, so few points 
resemblance to the alkali metals that they would not be 
/UBibeiided in the Bamo group with them were it not for 
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eonsideiation weighty enough to turn tbe balunce when the 

I discussion of other properties leaves the matter in doubt. So- 
dium, potassium (ammonium), lithium, cffisium, rubidium, sil- 
Ter aud thallium all replace hydrogen, atom for atom. All 
these elementa are eschangeable for hydrogen and with each 
other, atom for atom, anil in the present state of the science 
, they must be regarded as tho only metals thus ocjuivulent to 
\ hydrogen. The atoms of the elementa of the chlorine group, 
I including fluorine in that designation, and of the seven ele- 
ments above enumerated, are eschangeahlo for the same niun- 
ber of atoms of hydrogen ; each atom is ivortk one in ex- 
change, and these elementa are therefore said to he univalent 
(see S 74). 



CHAPTER XXTV. 

CALcnnt, BTBOHnvH, BABnm Aim leu. 

CALCITTM (ca). 



i 



416. The metal calcimn is a constituent of several of the 
.■eommonest and most important minerals; it forms a very con- 
I hSiderahle portion — perhaps as much as one-sixteenth — of the 
^solid crust of the earth. The metal itself is yellowish- white, 
OluBtrous and ductile, and suffers no change in dry air at the 
toidinary temperature. In moist air it oxidizes quickly, and it 
fgecomposes water with evolution of hydrogen. At a red heat 
EJt melts, and, if oxygen be present, takes iire and burns with 

\ bright light. It is a bivalent element ; its atomic weight 
b40. 

417. Calciom carbonate (CaCO,) occurs in nature in many 
(different forms, sometimes finely crystallized, sometimes in an 
limorphous condition. Limestone, chalk, marble, calc-spar and 

i calcium carbonate : the aheUs of ahell-fish ara almost 
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entirely composed of it, and it ia an important constituent 
dolomite, marl and many other rocks and minerals. 

In all iu varieties calcium carbonate ia readily attacked by 
adds, even if these be dilute ; the action is attended with elTei- 
Ycsconce, owing to the expulsion of carbonic acid and the escape 
of this ga3 through the liquid : — 

CaCO, + 2 HCl = CaCI, + CO, + H,0. 

41^. Calcium caxbonate, though tasteless, is slightly soluble 
in Wiitcr, arid tho solution exldbits a faint alkaline reaction ; it 
is, however, rather &eely soluble in water chained with carbonic 
acid (§ 182). 

Batp. 194. — Place in a test-tube 20 or 30 drops of lime-WiUor, 
and as much putt water ; in the mixture, immerse the delive/j'-tnl* 
of a bottle frcim which carbonic acid gos is being evolved (Eip. 7S). 
Calcium carbonnte will be thrown down at first, but after a while, « 
the water in the test-tube becoincH saturated with carbonic acid, tiw 
precipitated carbonate will ro-dis»olve, and thei-e will be obtained i 
perfectly clear solution, which, in spite of the lai^ proportion of 
carbonic acid contained in it, has a decided alkaline reaction. Bj 
boiling the solntioa, so that a portion of its carbonic acid may be «• 
pelled, the calcinm carbonate can be ^ain precipitated. So, ton, if 
the liquid be left esposed to the air, it will grailnally give oft at- 
bonic acid, and become turbid from depoaition of calcium earbonatt 

To the solubility of calcium carljonate in water containing carbonic 
acid, and to the fact that on the escape of the carbonic acid the n^ 
cium carbonate is deposited, ia due the formation of calcareona petri- 
factions, of stalactilea and Stalagmites, of the stones called tufa anil 
travertine, and of many deposits of crystallized calcium corbonM 
Whenever water, chained with calcium carbonate, flows out from lh« 
earth into the open air, or trickles into hollows or vaverns within ibf 
earth, carbonic acid is given off in the gaaeoua state, and ealciam 6^^ 
bonate is deposited. Stalactites are the pendent masses, like idcltfi 
which hang from the roofs of cavemd, and the walls of celUn 
bridges and like covered way? ; stah^mites are the opposite muM 
which grow up out of the drops of water which fall from the atalw- 
titea above them, before all the carbonate has been deposited. 

419. Calcinm Oxide (CaO). — On being heated, caldon 
carbonate begins to givo oS carbonic acid at a low red 
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and at fiiU redneas li cprnpletely resolved into calcium oxide, 
commonly called ^oick-lime, and carbouic acid. For use in 
the sits, limestoue is burned iu special furnaces, of peculiar 
construction, called lime-kilns, some of wliicli ara so arranged 
that thoy may be kept in operation for years without inter- 

Calcinm oxide is infusible at the most intense heat at our 
present cominaud, and is, therefore, uaed for making crucibles in 
which the most refractory metala are melted by the aid of ths 
compound blowpipe. 

420. Caloinm Hydrato (CaH,0,). — When water is brought 
in contact with calcium oxide, the latter swells up and Mis to 
powder ; a large amount of heat is evolved, and there is ob- 
tained a compound of calcium, hydrogen and oxygen, commonly 
called slaked lime, or in chemical language oalciom hydrate: — 
CaO + H,0 = Ca^O,, 

Sxp. 195. — Place a lump of recently-burned quick-lirae, weigh- 
ing about 30 grms,, upon a large earthen plate ; pour upon the lime 
some 15 or 20 o. c of water, and observe how much the lime increases 
in bulk aa it is converted into calcium hydrate. The heat of the mass 
may be ahown by tkrusting an ordinary friction-match into the middle 
of it ; i[iflanmiation will ensue. 

So much heat is developed during the union of water with lime, 
that wooil will quickly be brought to the kindling temperature and 
inflamed, if it happen to be in contact with loige masBca of these 
substances reacting upon one another. Fires are very frequently 
occasioned by the access of water to abipa or warebousea iu which 
quick-lime is sttjTcd. 

421. When lumps of quickJime a 
slowly absorb both water and carbonic n 
fall to powder. This powder 
Wlieii hydrate of calcium is stirred into water, there ia formed 
not only a true solution, lime-water, which may bo obtained 
dear and colorless by filtration, but also a tmbid liquor consist- 
ing of particles of solid hydrate of calcium diifuseil t!in)Ugh tho 
lime-water ; this liquoi is known as miUc or oream of lime, 
Wcordiuij to its consistency. 



sspoaed to tho air they 
and after a wlule 
air-slaked lime. 




Both milk of lime and dry calcium hydi-ate absoA t 
carbonic acid and liydtngen sulphide. Fot tliis purpose tl 
ueed in the puriticatioii of conl-gas. On this property of a 
iim carbonic acid depends also is greut nieasure the uee of li 
in mortar, 

Mortnr in commouly prepared Ly mixing 1 part of quick-lime ' 
wattr enough tn forui a thin paste, Ibeii adding 3 or 4 parts of coapw, 
abarp eauU, and thorougbly incorporating thuae ingredients. Tiic 
piiBte tbuB obtiiined is applied as a thin layer to the moistened su^ 
faces of the bricks or stones to be united. The pasty mortar won 
eets tti the bard luass above described, and, on contiaued exposure Id 
the air, it slowly absorbs carbonic acid at its surface, and is there con- 
verted into a compact compound of hydrate and tarhonate of calciiun. 
The Btone-Iike inasH thua obtained binds firmly together the biieb 
or stones between which it has been interposed. The phistering aai 
for fiuishing the walls and ceilings of rooms is mortar, to whicb i 
quantity of hair has been added to increase its tenacity ; in dryinB, 
it is, of course, subject to the same chemical changes as ordinu; 
mortar. 

422. Calcium hydrate, like sodium or potassium hydrotfl, 
exhibits a strong alkaline reaction when tested with moisteuei! 
litmuH-paper, and exerts a corrosive action upon most oi^c 
sulistances; bence it is often called caostlo lime. The value 
of lime, as an ingredient of composts to be used as manure, 
appears to depend, in great meastue, upon its power of hasti;n- 
inj; the decay and disintejjTation of organic matter. 

Exp. 196. — Add a few drops of water to a small quantity of dry 
wdeiuni hydrate, and rub it to a paste between the fiiigets. It will 
be felt that the alkali acte upon the akin ; a little of the culick is 
really dissolved. 

Lime is important, also, from being not only the cheapest 
alkali, but the cheapest of all the basea. It is used in tb* 
manufactiire of the caustic alkalies, Boda and potash ; of an- 
nioTiia-water and of bleaching-powdera ; as a flux in many metal- 
liugical operations ; in the refining of sugar ; for pre])ariag a 
liuie-soap in the manufacture of " stearine " catiilles, and fof 
-fio/iiberless other purpoaes. 
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423. Calcinm BQlphate (CaSOj occius in nature aa t!ie 
mineral anliydrito. The luiui^ral gypsum ia a hydrateil calcium 
eulphata {CaSO, -)- 2 H,0). Tli« sama hydrated salt may be 
obtained by iidiling sulphuric acid, oi the solutioa ol' some sul- 
phate, to n strong aqueous solution of almost any of the salts of 
calcium. 

When gypsum is heated moderately it is converted into the 
nnhydtijus c^cium sulphate, whicli is often called planter of 
Paris. If the anhydrous salt thus prejiared be made into a 
paste with wat«r, and then left to itself, it soon sets or hardens 
into a compact, coherent mass. This solidification is a consft- 
quence of the reassumption by the calcium sulphate of the two 
molecules of water of crystallization which were driven otf by 
heat when the substance was made anhydrous. 

On account of tliis property, plaster of Paris is largely used 
for making casts of various objects. It is also used in the manu- 
facture of stucco and of various imitations of laarble. 

424. Ordinary hydrated calcium sulphate is soluble in 
about 400 parts of water at the ordinary temperature. It occurs 
in sea-water and also in most well- and spring-waters. Water 
containing calcium salts, such as the carbonate and sulphate, 
is " hard," and is not well adapted either fur washing or for 
cooking. 

Eip. 197. — Dissolve a small bit of the hard soap of Exp. Ill 
in hot water, and aiW to the solution an equal bulk of a solution of 
calcinm sulphate. The mixture immediately becomes turbid, and 
after a few moments there will be formed a greasy, flocculent, adhe- 
sive scum npott the surface of the liquor. This precipitate is KiM-roap. 

Hard soap may be regarded as essentially sodium stearate ; on the 
addition of calcium sulphate the metala calcium and sodium change 
places, sodium sulphate and calcium stearate being formed ; the latter, 
as has been seen, is insoluble i? water. When soap is oildeil to hard 
water, it will neither produce any permanent froth nor cleansing 
effect, until the sulphate, or other lime-salt present, has all been de- 

mpoEed ; with such waters, much soap is consumed in removing the 
I compound, before the proper detei^ent action of the soap 

l^bo _liiought into play. 




CALCIUM PHOSPnATE. 

(25. Calcium Phosphate. — The most important of the J 
rious ualcium phoitpiiatea is ths calcium jibosjihate (CafiA 

iu\y called bone-phciephate, because found i 
is the chief of the inorg&uic uoustituents of which the akcIfA 
of luiiuiala are composed. SuibII portions of it are fouudJ] 
most rucks aud soils (§ 142), it being a very widely t 
though nowhore a very abundant substance. Considerafl 

B of it have been found, however, in Spain, Se 
North Carolina and Canada, and it is the principal i 
of some kinds of guano. No matter whence obtained, it ii 
vnluable manure when reduced to a fine powder. Though 1 
good us insoluble in water, it dissolves readily in acids and n 
solutions of various organic substances. 

When this calcium phosphate is treated with strong EulphuTic idi 
there is formed a soluble hydrogen calcium phosphate (H,CaP,0,J, 
commonlj- called " eupeipbosphate of lune." 

Ca^jO, + 2 H,SO, = H.CaPjO, + 2 CaSO,. 

Artificial fertUisers are made by thus treating ground bones wilii 
sulphuric acid. The reaction Just given is also one step in the rnana- 
facturo of phosphorus from bones. 

In the numufacture of phosphorus the burnt bones are first treated 
with Rulpburic acid. The soluble hydrogen calcium phoapbatt 
(H,CaP,0^ is filtered from the insoluble calcium sulphate, miR^ 
with charcoal, dried and ignileil. The following reaction takes place 1 
a portion of the phosphonis is set free and condensed under ooU 
water, while the residue consists of a certain amount of calcium phos- 
phate identical in composition with that originally contained in tk 
bone ash : — f 

3 H,CaP,0, + 10 C = Ca,PjO, + 4 P + 10 CO + 6 H,0. 

426. Calcitun chloride (CaCl,) may be prepared hy dis- 
solving chalk or marble in chlorhydric acid (aa in Exp. 7S), 
and evaporating the solution to dryness. When dried at ahoul 
200°, calcium chloride is left as a porous mass, which is largely 
employed in chemical laboratories for drying gases (Appen- 
dix, 5 16). It absorbs water \nth great avidity, and is one of 
[. deliijUBSceiit suhstiinces known. When «acposed ta 
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air at the ordinary temperature, it booh absorbs 90 much water 
that it dissolves completely, At a low red-heat the anhydrous 
chloride inelta to a t'lear liquid. 

427. Calciam h^pocldorite (CaCI,0,), as has heeu Bhown in 
§ 85, is a cuiujKjiiiiiit tif the substance iiommonly called " chla- 
ridt of lime." This impoitaut bleaching agent is prepared by 
passing chlorine gas into chambers filled with layers i't finely- 
powdered slaked-lime. Chloride of lime, or bleauhing-iiowder, 
is a dry, white powder, smelling feebly of hypochlorous acid ; 
when exposed to the air, it slowly absorbs carbonic acid, and, at 
the aarae time, evolves chlorine : hence its employment as a dis- 
infecting agent. If, instead of being left to be slowly acted 
» pon by the carbonic acid of the air, it l>e treated with a dilute 
facid, -— such as vinegar, — a copious evolution of chlorine will 
immediately occur. TVTien heated, bleaching-powder gives olf 
oxygen, and calcium chloride is left as residue. 

Exp. 198. — Fill an ignition tube one-third full of bleachmg 
powder, and arrange the apparatus so that the gas may be collected 
over water. Heat the tube, and observe that the gas is expelled at a 
comparatively low temperature. 1 grm. of bleaching powder yields 
40 or JK) c. c of ox^ien gas. 

BTROKTICM (sr) ANT) BARIUM {bb). 

428, The metals rtrontium and barlmu closely resemble cal- 
ohim in appearance and projierties. The specific gravity of 
strontium is 2.C ; tliat of barium ia 4.0. The atomic weiglit of 
strontium is 87.5, and that of barium 137. Like calcium, stron- 
tium and barium are both bivalent elements. 

Moat of the compounds of strontium, and l«rium are closely analo- 
gous to the corresponding compounds of calcium. The oxides, per- 
oxides, hydrates, carbonates, sulphates, nitrates, phosphates, chlorides, 
Bclpbides, etc., resemble in the main the corresponding calcium salts. 
The hydrates of strontium and bariimi are, however, more readily 
soluble in water than ooleium hydrate, while their sulpbaies, nitrates 
and chlorides ore less soluble than those of calcium. Barium sDlphate 
is almost absolutely insoluble in water, and strontium sulphate is only 
very slightly eolubls. Barium sulphate is found native, sometimes in 
MnMUoable nuLsses, as a veiy heavy white mineral called iaT^jCc*^ 
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wfaicb, wlien powdered, is largely employed for odulternt&ig h 
IvtA. The name bariain comes from & Greek word meaning }u«,vj. 
Strontium Bults ore commnnly prepared from the native carbonate, « 
mineril called atrontlaiilte, wliilu ttie various salts of bariaiu ue 
obtaineil eitlier from the native carbonate (w^theiite), or more 
commonly from the sulpliate. 

Tlie colors imparted to the gas flames by the compoundH of cal- 
elnm, Btrnnliiim and barinm may be tllualrated as follows : — 

Xfaqt. 199.^ — By jneanB of iron wire, suspend three siniull liullelj 
of H-ell-bumed coke from a ring of the iron atand. Heat the frag, 
raents in tnm with the flame of the gas lamp, and observe the slightlj 
yellowish flame which will be produced in each case ; then moisten 
one of the pieces of coke with a solution of calcium chloride, the 
second with a solution of Ijai-imn chloride, and the third with a soln- J 
tion of strontium nitrate, and again heat them in turn with the gii I 
flame. The calcium salt will impart a leddish-yellow color to tba I 
flame, the bariuoi Bolt a green color, and the strontium salt a beautiful 1 

LEAD (pis), 

439. Almost all the lead which is employed in the arte i> 
extraoteil from native lead sulphiite, PbS, the mineral f 
Tliis BubstancQ is tolerably abund;int in many localities, and i> 
often associated with barium aulpliate, fluor-apar, quartz and 
other common minerals ; it almost always contuins a small pio- 
portion of silver sulpliide. 

Lead is a remarkably soft metal, of bluish-wliite color; it 
can be readily cut with a knife, and may even be indented Tift 
the finger-nail ; it soils paper upon which it ia rubbed. It* 
specific gravity is 11.4, and its atomic weight 207. It may 1* 
drawn into wire, and beaten into sheets, though, aa contrasted 
with most of the other metuls, it has but little tenacity. B 
melte at about 325°, and may be obtained in crystals by alow!? 
cnoling the molten metal. 

The ready crystallization of lead furnishes a very simple methoda 
separating this metal from the silver with which crude lead is aluio* 
always contaminated as it comes from the smeltitig furnaces. Whs* 
melted ai^ntiferons lead is alluwed to cool slnwly, and is at the ss 
tiuie liriakly stiired, a q^usatity uf solid ra^BtallioB giaina a 
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out after a while, and eink beneath the lii^uid meljtl, wheni^e thcj 
inny lie dipped nut in colaiidets. These urystuls iiru coiii|)osed of 
Jead, nearlj- free fiiJia eilver, while oil but a trace uf lUe silver con- 

I tained in the origmal leail is left in that portion of the meUiI which. 
ku nut yet solidified ; in a word, the alloy of leail and silver nielts at 
a lower tBDipewture than pui-e lead. By methodiiially reinelting and i 
lecryatalljziug the lead cryatahi on the one hand, and thu silver alloy , 
on the othei^ it has been found profitable to estniot the silver from ; 
'lead so poor that it uontained less than unu thousandth puFt its 

' veight of the precious metal , 

111 430. When in thick masses, such as tha common sheets and | 
|"jripBS of comraercR, lead is scarcely at all acted upon by cold sol- | 
I 'phuric acid, and is but slowly eorrodoci by chlorhjdric acid, j 
Both these acids Ibrm, hy their action on the lead, diffimUtly 
soluble salts ; and as soon as a layer of the salt has once heen de- | 
I posited upon the surface of the metal, the latter is thereby pro- ' 
I tected from further corrosion. On exposure to the air, lead soon. ] 
I tarnishes, owing to the formation of a thin coating of a lead ] 
'■oboxide. By the simultaneous or alternate action of water and 
' «ir, lead is very rapidly corroded in consequence of tlie formation 
of a lead hydrate, wliich is converted by the carbonic acid of 
the air into a carbonate, All natural waters act more or less on 
lead. In some cases tlie action is so slight tliat lead pipes ara 
used with safety for conveying the water ; in other cases the use 
of lead pipes is very (langerous on account of the poisonous 
' character of the salts of lead. 

I 431. Lead protoxide (PbO), commonly called litharge, may 
rbe obtained as a lemoivyellow powder by gentiy igniting the 
faitrate or carbonate. In the arts, lithai^ m prepared upon the 
fiarge scale by heating matallic lead in a current of air ; the color 
t&nd texture of tlie product vary considerably according to the 
I temperature and other conditions at which the litharge has been 
^^Bpared. 

► Exp. 200, — Heat a small fragment of lead upon charcoal in the 
^ OidrlizJng finme of the I>lowpi]ie, and observe the gray film of sub- 
a whii^ forms at first, and the yellow incrustation of lithoi^ 
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which ia utitained enbsequently. The lithai^ may be c 
etrung, hul lltime be tliTowti uptiu it. 

Other oxides of lead aro the peroxide (PbO,), a dark 
brown powder i'oriuod by oxidizing liiliaiye, unil red 1 
minium, which is a compound of PbO and PbO, iii vaiying 
proportiuiia. 

432. Lead sulphide (PbS) occura native as the minenl 
galena. It is also foniipJ when hydrogen sulphide 
into a solution of a lead salt. Tlie precipitate which forms ia 
this case is black or brown, or even red, if the solution be dilutt^ 
On account of the deep color, as well as the insolubility K 
this precipitate, hyiirogen siitphiJe is often made use of as I 
means of detecting lead ; the test is, in fact, so delicate tl>« 
solutions containing only a humired thousandth of ibeir we^h 
of metallic lead will assume a brown color on being cha^ 
with hydrogen sulphide. 

433. Other Salts of lead. — Lead acetate, a soluble, readi^ 
crystallizahle salt, is much used in the aits. It has a swea 
astringent taste, whence the name sng;ar of lead. Like otiv 
lead salta, it is highly poisonons. Lead carbonate {Pi 
or rather componnds of the carbonate and hyilrate in varyii 
proportions, are used to an enormous extent as a white [mi 
nnder the general name of white lead. The uiitive lead c 
bonate ia an important ore of the metal. Lead silicate is 
interest from being an important ingiedient of flint j 
certain proportion of it rendere glass lustrous and very t 
ful. Such glass is, however, soft and easily fusible. It ';. 
moreover, rather easily acted npon by alkalies, acids and oti 
chemical agents, and is hence not well suited for use in I 
chemical laboratory. 

434. In many points of chemical behavior t!ie componnds 
lead resemble more or leas clearly the corresponding compotu 
of barium, strontium and calcium. It is, moreover, bivale 
like the elements in qncstlrju. Lead is, 
member of the caloinm group, althoug] 
fluorine in the chlorine group, it differs in some respects fa 
the otiier members of the famWi'. 
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437.] TEB METAL MAOXESICM. 

CHAPTER XXV. 
lueNEsiuii, znrc akd cashiuu. 

UAONESIUM (Ug). 

436. The compotmds of magsesiiuil are found widely dif- 
Osed, and rather abimUuntly, iu nuture. The bitter taate of eea- 
^ttei and of some mineral waters is due to tlie presence of uiiig- 
le^mn salts, while magnesium silicate and carbonate are con- 
aioed in n variety of niineials, and in such common rocka as 
lolomite, serpentine, aoapstone and talc. 

43G. Metallic magnesiiua may be prepared by heating an- 
lydrous magnesium chloride with metallic sodium, and sub- 
seqaently dissolving out in cold water t!ie sodium cliloride 
which results &om the reactioii. HagnesiimL is a lustrous 
metal, as white as tin ; its symbol is Mg and its utouiic weight 
24. It does not tarnish in dry air, though in damp air it 
eoon becomes covered with a him of magnesium hydrate. Cold 
water acts on magnesium oidy slowly ; hot water acta more 
rapidly, magneaum oxide being formed and hydrogen being 
eet free. The metal dissolves readily in almost any acid with 
evolution of hydrogen. It melts at a low red heat, and vola- 
tilizes at higher temperatures ; it may bo readily distilled at a 
bright red heat. When heated strongly in the air it takes 
lire and hums with a bluish-white light of great brilliancy 
■md high actinio power. The metal is employed by photogra- 
phers for iDiiminating caverns and other places into which 
sunlight cannot penetrate, and in clondy weather it is even 
"sed by them as a substitute for daylight. The metal can be 
S'Kssed into wire or into thin ribbons, and a considerable 
inantity of it is now used in both these forms for purposes of 
Ifflnminatio 
U37. Hagnesinm Oxide or Ha^esia (MgO). — There i) 
B compound of miipiesium and oxygen ; it ia obtained B 
B amoiphoua powder when magn^ium is \hikv1. v 
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or it may In; prepared by igniting the carbonate, chlorido of 
nittute. 

Exp. 201. — Roll 10 or 13 cm. of magneBium wire or thin rifc- 
hull into a coU around a amall pencil ; withdraw tlie pencU and pku 
in its stead a piece of iron wire or a knitting'needle ; holding thliwi 
horizontally, apply a lighted match to the end of the magnesiuin c(hI| 
the magneainm will burn to the white oxide which coheres ii 
perfect coil, clinging to the iron wire. A portion of the oxide goes A 
aa white smoke. 

The oxide is tastelera and odorless. It is altogether infusiHl 
at temperatures short of that of the oxy-hydrogen flajue. Vb^ 
excellent crucibles for scientilic purposes are prepared I 
pressing magnesium oxide into suitable forms. 

438. Salts of Hagneaiun. — H ^:neBiii]ii chloride (MgClJ 
is found in sea-water and many saline springs. Magneainm Hit 
phate (MbSO,), or rather the hydrated compound (MgSO,-f 
7 H,0), is known aa EpSOm salts on account of its occurtenBl 
in a mineral spring at Epsom, England. It occura in otlBfe 
springs, and is made artificially from various native minettk 
containing magnesium. It is a colorless crystalline salt, leaiiaj 
soluble in water, and having a bitter taste, 
osed in medicine. Hagnesinm carbonate (MgCOj occnil 
native as the mineral ina|piesite. The niai/iiesia alba of w. 
shops ia a varying mixturu of magnesium carbonate and hj* 
drate, and is prepared hy adding sodium carbonate t 
solution of magnesium sulphate. 

ZINC (zn). 

439. Zinc does not occur in nature in the metallic state, b^ 
in combination with other elements such as oxygen {red oxidi 
of sine) and sulphur (zinc sulphide, or blende) ; the carbou 
and the silicate of zinc are also native minerab. 

Zino is a bbiish-white metal of crystalline texture, brittle i 
the ordinary temperature, and also when heated above 200°, I 
at a temperature of about 130° or i4{)° it may easily be rolj 
out or Mmmeied into sheets. Tbe taetal molts at 425°, r 
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boila at a bright red heat : in presence of air the red-hot nic-tul 
lakes fire and burns with a brilhaut blui^li-white light and 
formation of a deuae cloud of white oxide of zinc. 

If ft Btrip of tliin sheet dnc be held in the flame of the gaa lamp, 
it can readily be burned to oiidc. The esperinient Bupceeds best 
with zJEC leaf, which inalantly buma with a viviil floiue and fonnn- 
tion of floating fiocka of the white oiide. In oiygen go«, zinc bums 
with peculiar brilliaucy. 

"Exp. 202. — Mix intimately in a mortar 20 grma. of dry grana- 
latetl iiiic (or zinc duet, if it can he obtained) and 40 grms. of crude 
saltpetre ; heat to rednesa a aniall Hessian crucible in an aiithracite 
fire ; remove the cmcible from the fire, ajid place it in such position 
that any fumes which may sobseqnently be evolved from it shall be 
drawn iiitu the chimney. By means of a spoon or ladle, project into 
tbe red-hot crucible the mixture of zinc and gallpetre, taking care to 
stand away as far as posaible from the crucible. The greater j)art of 
the metal will bum fiercely, at the expense of the oxygen in the salt- 
petre, though a portion of it ndll be volatilized by the intenae heat of 
combustion and converted into zinc oxide in the air. The residue in 
the crucible is a soluble compound known as potassium zincate. 

Granulated zinc ia much used in cliendcal laboratories, for a 
variety of purpMes, but particularly for preparing hydrop^n (J 36). 
It may be prepared by melting the zinc in a Hesaian crucible a:id 
lieating the melted metal nearly to rednesa. The crucible ia then 
reropved from the fire and its contents poured, in a thin stream, from 
B height of 8 or 8 feet into a vessel of cold water. This process of 
pronuioiioTi or /eoiAerinp may be conveniently applied to any of the 
other easily fusible metals, snch as bismuth, lead or tin, when they 
are required in a finely divided conihtion. 

In the manufacture of zinc a quantity of the vaporized metal is 
condensed in a very fine atate of division corresponding to the " flow- 
ers of sulphur." This zinc dust (which contains, also, some zinc oxide) 
is already used to a oonsiderable extent in Europe in indigo-dyeing in 
the manner ilUistrated by Exp. 169, but has not yet become an ordi- 
nary article of comnieree in this country. It is a very convenient 
fonn of the metal for many experimental purposes. 
^H40. Zinc is not much acted upon either by moist or dry air, 
^■tiie ordinary temperature, as it soon tarnishes and becomos 
^■ered with a thin film of a basic carbonate of zinc, whlcli 
■ 
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adlieree closely to the metal, snd protects it from further cliange. 
Owing to this (lumbUity, tlte metal is much used in thti furm 
uf slicuts. Sheet iron and irou wire also are olteu covered willi 
a protecting uoatiug uf zinc, und are theu Haid — must iio- 
properly — to be galvanised. Zinc forms several valnabl* 
alloya ; brass ia un alloy of eiiic and copper, and German alvtt 
is a braes whitene<l by the adnrixtore of a small proportion of 
nickel The specihc gravity of ano varies from 6.8 to 7.3; ita 
atomic weight ie 65. 

441. Zinc ifl readily attacked and dissolved by acids, iu most 
in.rtances with evolutiim of hydrogen. The chemical acdon 
of dilute acids upon zinc is a very common source of that 
pecuhar mode of force cnUed a galTanio current. Thera 
are few, if any, chemical reactions which cannot he made to 
produce electricity, and in j^neral, the more powerful the chemi- 
cal action, the mere powerfid is the electrical action whitli 
results. 

E^. 203. — Solder a piece of stout copper wire to one end cf 
strip of sheet zinc, 4 c. m. wiJe by 10 c. m. long. Tlie soldering wi 
be readily effected bj rubbing the xiiic and the wire iu the viuinil 
of the proposed pluce of contact, with a strong solution of ai 
chloride, before upjilying the melted solder. In the same way, iC 
der a similar wire to a like stiip of bright sheet copper. Place i 
strips of ;iinc and copper in a vessel filled with wat«r, acidulated wi 
Fi«. 78. 1-12 to 1-lOth its volume of a 

phuric acid in such a way that tl 
two strips shall not 1 
other either within or without tl 
I ]i(|iiid. As loDg a« the V 

iiig Irom the strips of metal do M 
r touch each other, the copper I 
mains quiescent, while the nne 
attacked, and hubbies of gas I 
from its surface ; hut if the fe 
cn])per wires are brought into ell 
roTiljict, by means of a bind^ 
screw, or by the application of solder, the following phenomena oi 
1st. Uinato bufaUee of hydioeen g^ will be evolved from the su 
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of tke copper plate. 2d. The zinc dissolves more rapiilly ihan 
before, aiiU at the ulose of the exi>eiiiuent, zinu suIpbttU: may be 
recovered tram the liquid in the beuker. 3il. Thia traiiafer of the 
hydiH^eti frum the zinc to the cupper instantly cenaes, if the contact 
buLweea the wires m destroyed. 4th. If the two wires Us lionuecteil 
with the two ends of the coil of wite which HOirounds thii mag:ietic 
netulle of the cumuiuii galvuncimet«r, the delieutiua of the euspeudtid 
needle will dumuiulrutu the fact that ou electriu current la pussin}{ 
through the wires from oiie plate of metul to the otiier. 

This experimPEit well illustrates the principle on which b lai^ 
class of tatteries employed in telegraphing and in electro-metal - 
lui^y are constructed and worked, except that the corrosion of 
the zinc is generally hindered by coating it with mercury. 

442. "When zinc is inrniersed in the solution of a lead salt, 
such as the nitrate or acet;ite, zinc dissolves, itii'I lead is deposited 
in the raetaUic state : PbN,0, + Zn = ZnNjO, -f- Pb. 

Bstp. 204. — DiflBolve 10 grms. of lead acetate in 250 c. c of 
wattr, add a few drops of acetiu acid in order to disEulve the clondy 
precipitate of lead carbonate, which is formed from the ~' 
carbonic acid in the water, pour the solution into a wide- 
monthed bottle and suspend in it a strip of sheet i 
The zinc will soon be covered with a brilliant coating of 
cryBtalline spangles of metallic lead, and this cryitallint 
VegslaHon^ which is known as the Uad-tree, wiU continue 
to grow nntil all the lead has been deposited from the ' 
solution ; the latter will now contain iiothing but zinc acetate. 

I^ in this experiment, the piece of zinc be weighed before and after 
its immersion in the lead acetate, and if the precipitated lead be also 
weighed, it will be found that the weight of the lead obtained is lo 
the weight of the zinc dissolved very nearly as 207 is to 65,— that is, 
■a the atomic weights of leail and zinc respectively. This experiment 
is interesting as illustrating the general law of the replacement of one 
metal by another according to a fixed proportion j when the quan- 
Uvalence (see 5 74) of the two metals is the same, this proportion is 
the ifttio of the atomic weights ; when the quantivalence is different, 
the proportion is some multiple of this ratio. Thus, in the foregoing 
bcperiment, for every atom of lead pretipittited an atom \ii zinc was 
diHolved. In the similar case represented by the following equation 
<^ fttpm of zinc takes the place of two atoms of silver : — 
' '0, + Zn^ 2nN,0. -\- 4 i«, 
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3$6 KUX-TKO-Cltf-VrCAL RELATIOya OF [§-143, 

Wl. Hlwiliii iihiimliiiil Relations of the ElemsnU. ~ Otba 
asMkc tW liaK anil cupper of Exp. 2113, if IjrouRhl 
a k lii|uiil cupuble of aUecCing tiieta aneq^iuiUy. exhibil 
cal i^eiuiiimui. It is necessarr that 



tW wlMuioe* *bt>ald both be uonducton of tJec- Ntgativt E^id-^ 

Vcialj, Aiid that tbe liquid sboold contaia eonie Osyqen. 

eaapouinl r^qiable of ^u^.■h decompositioD that there SoLPHUe. 

■hall be foniMl ■ new ofimpooud coDisiniug one NitbooK!!. 

of the inMMiwa imiuersetl in the Iii(Uid. When Flooium. 

tb« tWD Mtbauitnvs aa iu Exp. 2U3, an connected CaLOBisc 

by tucass uf a copper wire, a cuncnt of electricity Bhomink. 

|MS!«a along the wire ia each tUrection i the cur- Iodise. 

roil which passea from the liMu to the c<)pper in PHOSPaOROS, 

the lk(iii>l, and from the copper to tbe zinc in the Abgkmc 

air, id called the jMstli*H eterrsKt, and under snt^h Boros. 

maditions the lint is said t» be potHivt with refer- Carudn, 

mce to the copper. Astiuoss. 

When the wile which connects the two ptotea .Su-icon. 

is tut, the flow of electricity ceases ; hut if the HrDRoOEir. 

twu esireTuitics of the wires be immersed in some 
deducting liquid, the flow ia re-ertahtiahed, Iu Gold, 

luany cases the passage of the cnrreut through a Platikcji. 

hijniil affects its detunipusitioa. The two extrem- Silver. 
itiee ttf the wirea are called foiet ; that uonnected Uercdbi. 
with Ihe negatire plate ia called the positive pole, CoPFER. 
M>d that comected with the poaitiTC plate is called Tis. 
the negaiji-e pole. If the poles of a galvanic bat- Lead. 
teiy be imniersed in a solution of rinc chloride Cobalt, 
(&iCl,y. for ciauiple, this salt a decomposed by Nickel. 
the Acliun of the electrical current ; the atoms of Iron. 
tine Ro to tlie negative pole, and hence are called Zisc. i 
fonttrt, with reference to tbe atonw of chlorine, MANtuSESB. 
which are called tugatiiK. because they go to the Alcuinith. 
positive pole. With leference to other metals, as Maosesiuk. 
to magnejiom, for instance, rino ia n^ative. The Calchjh. 
terms positive and n^ative are thus seen to be Sodidm. 
merely relative, and under certain circumstances Potasdium. 
the i*lali,in of one clement to another may be di- Potittve Etui -^ 
neclly reverse<i. 

It is p.>»!iMc to nnnjige the chemical eleuenla according to their 
e/wOw-c/ieiiiiciil characlctB, aa otdinnrily eihihiud, ao thw «•<* di^ 
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ment in the s^m will be positive to any element placed nbovc it, and 
negative to auy oiie (riven below it. On page 25G the elements are so 
arraiigeil. ilpeiiking sotuewhiit looeelj, all the elements wliioli in this 
lisit precede gold (ire negative, while gold and tho elements whioh fol- 
low it are positive. The n^ative eteiiienta are spoken of collectively 
as tbe non-metallic elements, while the positive are known oa the 
metallic elements.* 

The property which one metal possesses of replacing another in 
itH salts, as iUuatrated by Exp. 2U4, is an exhibition of this name 
relation. Metallic copper may be thrown down from a solution of 
one of ita salla by the intmducliuo. of metallic iron or zinc ; a tittle 
metallic mercury pat into a solution of silver nitrate will cause the 
formation of a silixr-tree. In these casus the metal which goes into 
solution iaaaidto be eleotro-]iosLtive to the metal which is piucipitated, 
and the latter is electro-negative to the former. 

444. Salts of Zinc— Zinc oxide (ZnO) ia formed when 
metallie zine ia burned in tho air, and may also bo prepared 
by igniting the carbonate. Under the najne of zino wMte, 
it is somewhat largely employed as a white paint. It dis- 
solves readily in acids. Zino chloride (ZnCl,) is a white, 
soluble, deliquescent substance, formed by dissolving rinc in 
chlorhydiic acid. It ia used for prcscrring timber, also in 
soldering to cleanse the surface of the metal. Zino solphate 
(ZnSOj, or rather the hydraled compound (ZnSO, -}- 7 H,0), 
knoM-n as vihile vUrhl, ia uaed to a cortain extent iu medicine, 
uid also in the arts. 
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6. CacUolum ia a comparatively rare metal, found nasociatad 
zinc iu nature ; it is remarkably similar to zinc in its chemical 
ions. It is a bluish-white lustrous metal, taniishiug somewhat 
1 exposed to the air. It melts and volatilizes at temperatures 
« redness. Heated in the air, it takes tire and bums to a brown 
i. Cadmium Biilpliida ia of a bright yellow color, and bos been 
d as a pigment. 
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CHAPTER XXVI. 



ALUM IN UM (aI.) 

1 is perhaps the most ttbimdaat element upin 
tliB earth's surlacA, next to oxygen and silicon. It ia tlie 
most abundant of all the melals, aa much as a twelfth, of tlie 
solid crust of the globe being composed of it. It occun 
in enormous quantities in combination with oxygen Rnd eili- 
con, in most rocks and soUs. It is contained in clay, nurl 
and alatfl, as well as in feldspar, mica and many other comnicin 
minerals. 

Although the compounds of almniniua are so abundant, no 
cheap method of obtaining the metal itself has yet been de- 
vised. For thia reason it cannot be applied to many uses fiir 
which it is otherwise well suited. It is generally prepared bj 
heating metallic sodium either with chloride or fluoride of alii- 
minum, or with a double chloride or fluoride of aluminum ami 
sodium, 

447. Alumistim is a bluish-white metal, of remarkable light- 
ness. Its specific gravity, 2.66, ia about tlie same aa that of 
porcelain, and only about a quarter of that of silver, Tiie 
metal is malleable, ductile and tenacious, and may be bttuUs 
into thin sheets, hke gold and silver, and dtawu into liiw 
wire. It is remarkably sonorous ; a bar of it BuapondeU by » 
wire rings with a clear musical note on being struck. Almni- 
num-bronze, an alloy of 00 pirts copper and 10 parts alonii- 
num, is exceedingly hard, very malleable, as tenacious as sted, 
of a beautiful golden color, and susceptible of being highly 
pohshed. 

448. Alaminam oxide, or alumina (ai,0J, occurs native, u 
the minerals cormidum, ruby and sapphire. Emery ia impure 
aluminum oxide. 




ALCMIXVM BTDRATK. 

Alnmiinm k|dfitU (A^^Q^ m^ Im ebtaiind « s gilat- 
inou£, Aoccohot ptec^ilrt^ bj adduig aamoiu-nto to tke 
solution of an alnminniiL Bah. The hfdnte cbsaolves leadilf in 
acids funning alamiDnn] eaita ; it also dis30l\'ea in caoalie dka- 

lies forming a cbss of sa\ts called alnminatea. 

Exp. 20S- — Heat a Huall fragmeiil of alnaiiniun solpliftte (oooi- 
non alum will answer equally well) wilh vatcr in a le?t-tal)e tmtfl it 
laa comj'letely dissolval, ponr half the solution into another tube, and 
idd to it, drop by drop, auunonia-waler, until the odor of ammnnia 
persists after the mixture has betm thoroughly ^keti. Alaiginnra 
tiydrate will be pnxipilateJ iu accordance with the reautioa ; — 
Al, 3 (SO,) + e fNH^HO = Al^O, + 3 ^NH.^SO, 

Pnt two or Have dropa of the moist alnniiiiuiu hydrate into 
(mother tcat-tnhe and cavrr tliem with ammonia' wafer ; no clear 
solution will be obl^ned, for almniniuu bjdiale is buteli^htlyaohible 

Put two or three drops of the moist aluminum hydrate into still 
nnother teat-tube, and cover them with a solotion of sodium hydrate ; 
the precipitate will dissolve immediately ; sodium alundnate is formed, 
and this sidt ia easily soluble 

Bsp. 20S. — Take another portion of the clear solution of alumi- 
num sulphate prepared in Eip. 205, and add to it, drop by drop, a 
dilute Bolutiou of canstie soda. A precipitate will soon fidl, as in 
Exp. 205, and if no excess of sodium hydrate were added, thi« pie- 
cipitate would rentoin nndiasolved, but un adding more of the loda 
Bolution the jiredpitale dieeolves at onct, with formation of sodium 
alomiiiate (Ba^LO,). 

449. ^Inntlninn liydiate combines readily with many organio 
coloring- mattera, forming compounds iusoluUe in water. 

Hxp. 207. — Take a amaJI quantity of the solution of cochineal 
prepared iu Eip. 154, add to it an equal bulk of a solution of alu- 
minum sulphate (or of common alum), and then add (o the mixture 
ammonia- water, as in Esp. 203. A colotwl precipitate, consisting of 
aluminum hydrate aud of the coloring matter of the cochineal, will 
be thrown down ; it is the substance called earmine-lake. Similar 
precipitatea may be prepared by aubstitntijig almost any other organio 
coloring matter for the cochineal of this eiperiment. Precipitatea 
thus formed hy tbe union of a metallic hydrate and a coloring 
•r are chaeed as laiet, 



■utter are 
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450. Kordanti. — The fibre of cotton, vhen impiegnated 
with nluiuina, lAB fie made to retain colors which the cotton 
itself bus no puwtii' 1« huld, Exp. 166, § 339: hence the use <i 
ftliiBiinum salt, aa Bordants in dyeing. In fuct, mere im- 
niorsion in a solution of a salt of idumiiium sufflcea to make % 
great difference in the amount of coloring matter taken uf 
cotton. An acetate of aiuminnm is much employed in djeinj 
because when exposed to the air on the cloth it is partly decoffl' 
posed, a cnrtain amount of acetic acid ia set free and voktilim^ 
leaving the fibres impregnated with aluminum hydrate or orida 

Exp. 208. ^ Prepare an acetate of aluminum as followa t — K»- 
solve 6 graiB. of sugar of lead (lead acetate) in 8 c. c of hot wuttri 
alao diasolve 8 grms. of common alum in 12 c c of hot water ; mil 
the two BolutioDB and filter off the insoluble leM sulphate whicli is 
formed. In the solution thua prepared, soak a piece of cotton dotli, 
and then Lang it up iu a moist and warm atmoaphere for aevemldnfa, 
Trent this cbth, as well as a piece of ordinary cotton of the same a*, 
with a Holation. of logwood aa described in Exps. 156, 157, and obwne 
the dillereuce in the amount of color imparted to the fuhric 

Other oxides or hydrates besides the ahuninum hydrate are W 
as mor(bntB. An acetate of iron mode by dissolving acta|M of inu 
in the crude pyroligneons acid obtained by the destructive dietillMivn 
of wnod (§ 238) is much used by dyers ( ealts of tin, of chromium 
of other elements are employed to a greater or less eitenL 

451. Aiuminnm snlphate (ai, 3 (so,)) m prepared by treat- 
ing hot roasted clay, which is an aluminum silicate, with sol- 
phuric acid. The mixture of aluminum sulphate anil silica 
obtained is called alnm-c&ke, and from it the aluminum sul- 
phate can he obtained by treating with water, which dissolvea 
the aluminum sulphate and loaves the silica behind. Aiuminnm 
sulphate is employed aa the source of the various compounds of 
aluminum nsii'd in dyeing and calico-printing. 

452. AInms. ^ Pot&fisinm alnm is an aluminum potassium 
sulphate crystallizing in sharjdy defined crysfcUs. Its composi- 
tion is represented by the formula Ai,g^ 4 (SO,) -|- 2* ^O. I' 
is known aa cttnuaoii tdum, althongh of latu years ammoniuB 
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U has to a coiisi(lem!>le extBnt taken its place. Tiie formula 
4. ammonium a]um h, AX, (NH,), 4 (BOJ + 24 ^O 

453, AlmniTn iin BUicates. — Of all tho aluminum oom- 

(pundfl the silioates aw by far the most important. Clay in 

lU. its varieties is a hydrated aluminum ailiuite, usually mixed 

frith an oxceaa of silica, besides other impurities derived iroiii 

be rooks from whose decomposition the clay itself has betui 

termed. Ciuy is remarkable on account of its plasticity when 

^iat, of the iaciUty with which it is converted into stone-like 

when Btrongly heated, and of its mfusihility whan 

pre. 

EftrthenwHre, brick?, and oidinary pott«Ty are made from common 

Isy, by mixing the clay with water enough to form a plastic paste, 

pliich is then moulded into any desired form, dried and intensely 

The red color of certain varieties of ware is due to the iron 

(dde tiey contain. Porcelain is made from a very pure clay (kaolin). 

glaze on article! of pottery is made by coating them with an 

Staily fneible BulatAnce, such as a mixture of litharge and clay, or in 

case of porcelain finely ground feldspar, and subjecting them 

coated to high heat Ordinary stone-ware is glazed by throwing 

salt into the Idln. The salt volatilise and coming in contact 

nih the heated ware it is decomposed, and a fasible silicate results 

rhich rendeiB^e articles impervions to moisture. 

QltrcnroM (all and iNDnrM (m). 

464. D-lndiiTiin is a mther rare nietnl, found, together with aliimi- 

teo, in ItiB emerald, in beryl and in a few other minerala. It 

leeely resembles aluminum in its chemical and phyiiical properties. 

^Tie atomic weight of glncinum is 14 ; its avrabol is GL 

'4S5. Tnflliim is a rare metal, found associated with zinc in cerivin 
es, and was discovered by means of spectrum analysis. It is a soft 
Idte metaL Its atomic weight in 113.4 ; its symbol In. 

CHBOMTtTM (CT). 

456, Tho chief ore of chromiom is a compound of iron, 
and oxygen {PeCrjO,} called chrome iron-ore. The 
ipminds of chromium are somewhat extensively employed in 
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457. Ohrominm fesqaiozide (Cr.O,) prepared b; ignitbg 
the hydrate (Cr^.O^), is a j^reen powder ttomewhat used a& a 
pigment. The hydrate may he obtained by itddiug ammonis- 
water to n suhition of a salt of chiomimn. It forms a bulky 
gneii precipitate. 

458. Chromium sulphate (Cr, 3 (SO,)) is sometimes prepand 
in the puis state ; generally, however, it ia prepared in combina- 
tion with potaasium (or ammonium) solphato forming chtDBB 
Blum, a beautiful violet crystalline salt. The formula of ordi- 
nary chrome alum is CTjK, 4 (SO,) -I- 24 H,0. 

Bxp. 209.^Di3solvB 15 gims. of juiwdsred potasrinm liithm- 
mate in 100 c c of wanu water ; cool the solution, and then (did te 
it 25 gnus, of conuentrated sulphuric acid ; oool the hquor ^ain, ind 
pour it into a porceluin dish, suirounded with cold water ; slowly stir 
into the mixture 6 grms. of alcohol, and set the whole aside. In tba 
course of 2i huiu^, the bottom of the dish will become covered with 
well-defined, octahedral crystals of chrome alum. 

In this experiment the chromic acid which is set Iree by tbe 
Bulphuric acid gives up a part of its oiygen to the alcohol, and ii 
converted into chronuum sulphate, which unites with the potosainiu 
sulphate tn form chrome alum : the alcohol is oxidized in part to 
aldehyde (§ 235) (the peculiar odor of which is distinctly perceived) 
and partly lo acetic acid. , 

459. Chromic EUlhydride (CrO^ may be obtained by treating 
potassium bichromate with sulphuric acid. The chromic anlij- 
dride separates in red cryRtals, which dissolve in water witli 
formation of chromic acid (H,CrO,). Several of the chromiiU) 
find application in the arts, aa the normal potassium cliri'iuiite 
(KjCrO,), the potassium bichromate (K,Cr,0, ^= K,CrO„CtOj 
and the lead cbromates. 

MANGANESE (mu). | 

400. Manganese is a grayish-white, hard, brittle metal, tha | 
principal ore of which ia the binoxide (MnO,). which hu3 al- 
reaiiy been employed in the generation of oxygen (Ezp. 4, 
5 18) and of chlorine (Exp. 30, § 78). The n-sidue in tbe 
Jattoi case consisted uf manganese chloride, which may ba . 
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IRON (fb). 

462. Although iron is one of the moat widely difEiiseil a 
most abuinlaiit uf the metala, it ia rarely found native in U^_ 
metallic state. Meteora, however, fall upon the earth from oi( 
space, whii;h consist mainly of metalhc iron, contaminated w: 
several other elements ia smull proportions. Minerals contai 
ing iron occur ia grent numhers ; and there are indeed f 
natural substances in which iron is not present, It is found 
the ashes of most plants, and in the blood of animala. 
natural compounds of iron which are available as ores of 
metal are chiefly oxides and carboDates. 

From the richer iron-ores a very excellent iron can be 
tained by simply heating the broken ore with charcoal ii 
open forge fire, urged by a blast. The ore is deoxidized by til 
carbon of the fuel, and the reduced iron ia ^glomerated into 
pasty lump called a " bloom," while the earthy impurities 
tained in the ore combine with a portion of the oxide of iron t 
form a fusible glass or slag. This process ia not economical 1 
the chemical sense, for much iron is lost in the slag, and i 
fuel is burnt to waste in an open fire, but when well condudi 
it yields an admirable quality of iron, and is easily praotiM 
by people possessing but little mechanical skill and no chemi 
knowledge ; it is uudonhtedly the oldest method of extraclffl 
iron from its ores. 

463. In the eKtractioii of iron from its eoramon ores, '■ 
metal is usually obtainp<l, not pure, but in a carburetted fi 
ble state, known as cast-iron or pig-iron. The main features 
the process are, first, a previous CEtlcination or roasting to ex 
water, carbonic acid, sulphur and other volatile ingredients I 
the ore ; secondly, the rediiotion of the oxide of iron to t 
metallic state by ignition with carbon ; thinlly, the separatk 
of the earthy impurities of the ore by fusion with other matW 
into a crude glas.s or slag; and lastly, the oaibonizing and mi 
ing of the reduced iron. The preliminary calcination is 1 
always essential, but with many ores, especially the carbd 

atea ami hydrates, it ia very desirable ; not BB&eqiM 
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f drying necessary is effected in the upper part of the blaat-ftir- 
I nace iteelf, within which the three Li^t st^jis of the [in>ce«a 
I always take place. 

The blaat-fwnace for iron consists essentially of a double cone, 
I hnih of lire-brii:k aiiJ masonry, and is about 60 feet in height, and 
I from 15 to 18 feet in width at its broadest part. An iilen of its con- 
Btmction may be obtained from Fig. 75. The funmce ia dosed at 
tfie bottom, the air necessary for the p|^_ ,j(_ 

BDpport of the combnstion being eap- 
jdied by a powerful blast blown 
through pipes called tuyira (pro- 
nounced tvxers). At the high tem- 
perature produced the carbon of the 
fiiel removes the ouygen from the iron- 
ore, and the nietallio iron is set free. 
The reduction of the oxide of iron, 
however, is not alone sufficient to 
secure the metal ; iron-ores ahoost 
always contain earthy admiitures, 
oonsLHting chiefly of ^ca, clay and 
calcinni carbonate, and these sub- 
ftancee arc so intimately mixed with 
Ihe rednced metal, that it is essential 
to melt them before the iron can 
separate by virtue of its greater ape- 
dfic gravity. This is brought about 
iy converting these impurities into 
frwibledouble sihcates by theaiiJition 
If mme proper subetance which is 
Balled afiux. With ores in which the o: 
Mreous, the flux must be clay or some sill cenus miilciiul, bi:t in the 
kiore frequent case of ores containing clay or silica the flux will be 
{tmestone or quicklime. In either case a fusible double silicate of 
ilumtnum and calcium is the essential constituent of the slag. 

The blast furnace ia charged at the top with alternate layers of tlie 
Jnel, (wliich may either be charcoal, anthracite or coie) the ore and 
Ibe flux, which is generally lime ; and air is constantly supplied in 
Immanse quantities at the bottom of the furnace. The blast coming 
"^B contact with a great excess of incandescent carbon, there ia 
JBuaediately uarbuu protoxide, and this gas, together with 
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(lie nnaltereil nitrogen aBcends die shaft. The Jayera of solid nu 
rial thrown in at the top of the fumace gradually eink down, i 
OS Boon OH a xtratuiu of ore has ileecended Bufficientlj to be hen' 
by the hot mixture of nitrogen and 'corlion protoxide it beconeft 
reduced to spongy inetullic iron, which, mixed with the flux and till 
earthy impurities of the ore, eettlea down to hotter parts of the fm 
mice, where it enters into a ftifiible comhinatioa with carbon, whS 
the fliix and earthy iinpuritieH melt ti^llier to a. liqoiil slag. Tb 
liquid carburetteil inni nettleB to the Tcry bottom of the famaej 
ivheuue it ia drawn out, nt intemUa, throng a lapping-hole which i 
stopped with Band when not in use. The viecous slag flows out oi ^^ 
a dam, ea placed as to retain the iron, but to allow the escape of On 
slag which floats on the iron, oa fast as it accumulates i: ~ ■ ■ 
quantity. An fresb portions of the ore, fuel and flux ore continiiallj 
Biipplied, and the iron ia withdrawn from time to time, the proMB 
goes on without interruption Bometimea for several years. 

The gases which issue from the mouth of tlie blast-fumoce i 
cliai^fed with an enonnous heating power, for besides being this 
selves intensely hot they contain, even after having effected ll 
rcdnction, a large proportion of combustible gases, such as carhi 
protoxide, carburetted hyilrogen and hydrogen. They are, t 
fore, collected at the top of the fumace by a Bort of conical hood, con 
ducted off through a pipe, and burned in suitable furnaces, the b 
produced being utilized in raising the temperature of the blast of d 
forced into the fumace through the tayh-es. 

Cast-iron contains from 2 to fl per cent of carbon ; in i/Aiie ir 
which is hard and brittle, and of crystalline texture, the carbon 
to be mainly in combination with the iron ; while in graij ii 
is slightly malleable and of granular texture, the carbon exists c. 
63 graphite mechanically disseminated through the iron. Cast-in 
also contains a small amount of flilicon and not unfrequenlly n 
nese ; it is, moreover, usually contaminated with minute quontid:! 
of suipbur and p 

464. The production of malleable or "wrOTigW-iron fro 
cast-iron conaista essentially id burning out tho carbon, silicoi 
Biilphnr and phoephorua which cast-iron contains. This osid 
tion of the iin]iiititiea of ciist-iroii ia cii'ycted by a process knot 
OB puddling. The operation conaiste in melting the iron in 
revabwaUllj furnace and stindng it ao that the air wtU CKM; 
ctiittnct mth it. 




§ 466.] RBVERBERATORY FVRXACE. — STEEL. 

Fig. TC represents a re\-eTbcrator7 furnace, euch as ia uaed in 
puddling. Tbe principle of this furuoce has alniady been explained 
in § 370. 

In puddling it is 
customary to add 
to the charge of 
pig-iron a i^uantitj 
of iron scale or 
other oxide of inm. 
The oxidation of 
the silicon, cai'boa, 
phosphorus, and 
other impurities ia 
effected partly hy 
ihe lur but chiefly 
by the oside added to the charge When the OMt iron is bo far 
decarbonized as tu be puety in the fire, it u gathered into lumps on 
the end of an iron bar and cumcd ln>iu the luniate to a hammer or 
aqueezer which espTeases the liquid slag ami welds into a coherent 
mass the tenacious iron. The wrought-iron thus productsd has a giuy 
color, ia malleable nnd may be welded at a red heat. It still con- 
tains from 0.(15 to (1.25 per cent of carbon. 

465. SteeL — Intermediate in composition between caat^ and 
wrought-iron as far as tlio amount of carbon is concerned ia 
the invaluable substance, ■ — ■ steeL It may ho made from 
WTOuglit-iron by heating bara of iron to redness for a week 
or more in contact with powdered charcoal in close hoses 
from which air ia carefully excluded. Though the iron ia not 
fused, nor the carbon vaporized, yet the carbon gradually 
peuetratea the iron and alters its original properties ; when 
tliB bars are withdrawn from the chests in which they were 
jacked, the metal has become fine-grained in fracture, more 
brittle and more fusible, and contains from 1 to 2 per cent 
of carbon. This process of preparing steel ia called the 
"cementation" process; it is a curious instance of chemical 
action between solid materials which are apparently in a state of 
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directly from ccist^iroii is that known as t 
From two to aix tons of cast-iron, previously melted in a fiuitaUe 
furnace, are poured into a large covered crucible, cailcJ the eon- 
▼erter, wMuh ia made of tlio moat re&actory materiaJa, and 
swung on pivots in such a manner that it can be tipped up snd 
emptied by means of an hydraulic press. Through uumeroiu 
apurtures in the bottom of the crucible a blast of air is forced 
up into the molten metal ; the combustion of the carbon uii' 
silicon of the iron, as well as of a portion of the iron itselj, 
causBB an intense heat, which keeps the maaa fluid in spite o( 
its rapid approach to the condition of malleable iron. Towaiils 
the end of the operation a sufficient quantity of xpieffdeitfu is 
introduced into the crucible. This spit^eleivn ia a peculiar alloy 
of iron, manganese and carbon : the maiLganese removes some of 
the oxygen previously combined with iron and some aulplinr; 
the carbon converts the whole mass into steel, and the melted 
steel is immediately cast into ingots. 

The symbol of iron ia Fe (Latin./errwni) ; its atomic weight is 5li. 

■1R7. Oxides and HydrateB of Iron. — The best known of tlie 
compounds of iron and oxygen are the protoxide (FeO), orfe> 
rons oxide, as it is often caUed ; the Besquioxide (FejOs). olteD 
called ferric oxide ; and the ma^etic oxide (FeaO,). 

468. Iron protoxide or ferrons oxide (PeO) may be ob- 
tained by igniting ferrous oxalate in ckise vessels ; it abrorla 
oxygen so rapidly that it takes tire when brought in contnct 
with the air. Ferrous hydrate (FeH,0,), obtabed by adding 
caustic alkali to a solution of a ferrous salt, is a white precipitaW 
which rapidly changes on exposure to the air by taking oi 

409. Iron Besquioxide or ferric oxide (Pe,0,), called si*' 
red oxide of iron, occurs abundantly in nature as hematitLS 
specular iron and red ochre. It ia valuable as an ore of if"' 
It is also prepared artificially, and is much used as a piguieu'- 
A fine variety, known as rovge, is used for polishing glass sO'' 

relry. By heating ferric oxide in a current of hydro>,'eii, W 
oLiior Inducing (ps, metallic iron is readily obtained. This oii^" 




OXWBS OF lEOlf. 

it Iron is called te»qmoxide because it oontftins ottce nnfl a Tialf 

lis many atoms of oxygen aa of iron («mqni, latin, ou« and a 

felf). 

* Ferric hydrate (Fe^,0,) may be prepareil by adding an 

fetcesa of ammonia-water to the solution of almost any ferric 



it„ 



*'Bip. 211. — Cover a teaspoonfiil of fine iron filings or small tacka 
pth 8 or 10 c. c. of dilute wilphm'ie acid in a small bottle ; when the 
Solution of hydrogen slaekans, dilnte with an equal hulk of water 
ilid filUr intti a small tlu£k. To the liquid add a few drops of 
Nrong nitric acid, and heat it to boiling. The liquor will soon be 
ioloreil dark-brown by the nitrous fumea resulting from the decom- 
judtion of the uitiic acid, whii-h are for a ehort time held dissolved 
if the lii^nid ; but this deep coloration soon pusses away, and there ia 
left only the yellowish-red color of the ferric sulphute which has been 
nnoed. Add to the solution ammonia-water, until the odoi of the 
Kter peraists after agitation, and collect upon a filter the Qocculent 
ltd precipitate of ferriu hydrate. 

I 470. There are several ferric hydrates which occnr in nature 
iffer somewhat in composition from this the normal hy- 
Yellow ochre is a variety of ferric hydrate. The readi- 
■with which ferric oxide gives up oxygen to reducing 
3 shared by the hydrate aa well. The iron nails em- 
ipyed in the construction of ships, bridges, fences, or shoes, 
Btaally corrode, " eat up " or " bum out " the organic matter 
[ contact with them, by absorbing oxygen from the air and 
isferring it to the carbon componnd with which they are 
^ contact. The rotting of canvas by iron rust, or of a flshing- 
) by the rusty hook, are fiimiliar instances of corruption by 



[rerrie hydrate readily absorbs sulphuretted hydrogen with 
lation of an iron sulphide ; it is much used on this account 
e purification of coal-gas. 

The m^netic oxide of iron (Fe,0,) occurs native. It 
3 richest of the ores of iron, and when pure contains about 
ir cent of iron. 
i. feiTOtts and Ferrie Salts. — There are, genenlly spaolt 
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iiu{, two series of iron salts, in one of which the atom St w 
bivalent, auJ in the other of which the double atom (Pe,) it 
sexiTalent. Thus there lire two chlorides, — ferrous uhlorid^ 
FsCl,, and ferric chlonde, (Fe,)CI,; similarly there are i 
nitrates, two suljihates, etc. 

473. FerrooB Sulphate (FeSO,). — A hydrate of this a 
pound, of coiupoaitiou FeSO, -|- V H,0, usually called enpptrtu 
or ffrefn vitriol, is the most common of all the compuuniid o^ 
iron. It may readily be prepared by dissolving metallic iron cf 
ferrous sulphide in dilute sulphuric acid. On the large scale il 
is commonly prepared by roasting iron pyrites (FoS,) at a genth 
heat. 

When perfectly pure, the crystals of ferroas sulphate art 
compact, transparent and of a bluish-green culor ; but in ilij 
air they eflloresce and hccnme coi-ered with a white incmstfr 
tion, the color of which subsequently changes to rusty browii 
through absorption of oxygen. The common commercial arti 
de is of a grass-groen color, and ia contaminated with tm 
or less ferric sulphate. "When heated, the crystals first 1* 
their water of crystallization, and on further application 
heat the salt is decomposed, sulphurous and sulphuric anlij' 
drides arc given off, while ferric oxide remains. Upon this &d 
depends the preparation of fuming sulphuric acid {§ 135). 

474. Ferric sulphate (Pa, 3 BO^) is interesting, chiefly ito 
its analogy with aluminum sulphate. Like the aluminum ail 
it combines with the sulphates of the alkali-metals, to form W 
defined aliutis. 

47.^. When exposed to the air, or to oxidizing agents, ti 
ferrous salts have a great tendency to absorb oxygen. 

Bxp. 212. — Pour a solution of copperas into an open capirf 
and leave it exposed to the air for a day or two ; the solution II 
gradually liecome yellow as the oxidation proceeds, and after a wU 
a rusty precipitate of ferric oxide, or of highly bnsic ferric salphal 
will fail. 

"Exp. 213. — Dip a smsll piece of cotton cloth in the solution 
ztu^gaUs loepoied iu B:^ 161, and ^mr it to boaoma fli]p; 
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in the solution of copperaa and hang it vip in damp air. Black, in- \ 
Ifeluble iroD taiinate will be Et> firinty yirecipitated in and upon the i 
of the doth, that it cimnot be washtd away. | 

This exp«iimtiut iUuKtrates oue general uiulLud gf dyeing, by meona 
whicJi bhuika and grays of vitrious sliuJeiS may be applied lu cloth 
leather, though in practit* other aalriuyeut uye-Btult, each as lute- 
in, outuh or yambier, are commonly umployeil in place of uulgalls. j 
Fetron* euljibul« ia laijjely employed in dyeing, sometimes dii'outly, 
■' the foregoing eiperimeut, but often as the source of other «oiw- ' 
lunde of iroii, whiuli are employed as mordants ; i'erroua acclnte, for ■ 
imple, oblaiued by ducompoaiiig fcrrons sulphate with cnlcium ace- 
iu a. coiupuund mudi used by dyera. It should be remarked, ' 
3ver, that ferrous acetate ia sonictimea made directly by diasolv- 
scrapa of iron in vinegar or jtyroligneoua acid (§ 238). Ferrous ' 
liphatt; is also used in dyeing with iudigo. Its use depends upon ' 
fact, tiiat, when a solution of coppems is treated with caltium Ly- '. 
.te, a ferrous hydrate ia iirucipitated ; tliis ferrous hydrate has such 
Ctendency to absorb oiygen, that a mixture of copperaa aad slaked- 
Eaie forms a powerful reducing mixture. 

' Szp. 214. — Dissolve 1 grm. of copperaa (iron sulphale) in 100 
,c. of water in a bottle of 200 c c capacity. Into the solution stir 
BUitnreof 1 gnu. of finely powdered indigo and 1.5 gnus, of freshly I 
^ed lime ; fill up the bottle with water and cork it Shake the 
Alje occasionally, and, after eight or ten hours, pour off, or remove ' 
ith a pipette (Appendix, § 20), a portion of the clear and nearly 1 
lorlesB liquid without disturbing the precipitate in the bottom of 
e bottle. Eiposo this liquid to the air in a shallow dish ; it con- 
Ene white indigo in solution, but the oxygen of the air rapidly causes 
e formation of blue indigo insoluble in the liquid, as was seen in 
SrpB. 169, 160, § 342, where a different reducing ugeut was employed. 

I 476. Silicates of Iron. — Several native eilicatea of iron 
Ire known, hut none of them are of epecio! interest. Tlio 
peen tinge of ordinary Rlaaa ia due to the presence of a ftr- 
silicate, and by increasing the proportion of the ferrous 
lit, a deep bottle-green color may be imparted to the glass, 
color may Iw destroyed by introducing into the glass dur- 
Dg the manufacture manganese binoxide, or somis other ox- 
Jizing ftfient. The ferriius silicate is thus converted into 
Brio nlicate which Las little coloring power. 
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4T7. CruiidM of Irm. — There is a ferroiu oranidi 

(Tt{Cll\), known as a yollowish-ped precipitate, which takes 
up oxyi;Rii and botoin<;8 blue when exposed to the air, and i 
ferrio cyanide (Fe/CW),) haa been obtained in solution. But 
hy far the beat known of the cyauidea of iron are certain 
double compounds, which constitute the familiar pigments, 
known, collectively, aa Pmssiaii blue. Common Prussian hliie 
(Pe,C^„ -j- 18 Bfi), may be regarded as a compound of fer 
'runs and ferric cyanides, 3 Fe(CH)„2 (Fe,(CN),) -|- 18 Hfi; it 
may be prepared ub follows ; — 

XIzp, 215. — Adrl to an exceeilinglj dilute solutioa of ahuost mj 
ferric Bait, such, for example, as the ferric sulphate of Exp. ill, » 
drop of potasflium ferrocyanide (§ 387). A beautilul blue predpituM 
will form, and will remain suspeniled in the liquor far a tuiig while. 
Another variety of Prussian blue, known as TumhulTi Uvt, may be 
obtained by miiing a. solution of potaasium fenicyanide (§ 3S8) wiih 
a solution of copperas or other ferrous salt. 

Since pota.asium ferrocyanide will give no blue coloration with 
ferrous salts, and since the ferricyanide yields no blue with ferric 
ealts, it is evident that the two Bolutiona may be used as teitl 
by which to detect the presence of ferrous and ferric aalts, 
respectively, in any solution. 

Bxp. 216. — Soak a piece of cotton cloth in a solution of ferrie 
sulphate (E-tp. 211), and then immerse it in an acidulated solution of 
potassium furrocyanide. Prussian blue will be precipitated upon the 
cloth, aud will remain firmly attached to it Prussiau blue ia largely 
employed in dyeing and railioo printing in a variety of ways. 

478. Iron protosulphide (FoB) ia a Bubstance of great valne 
to the chemist as the cheapest source of tho important reagent, 
Bulphuretted hydrogen (§ 121). Tho sulphide may be pre- 
pared by igniting pyrites in a covered cmcible, by mbbtng 
roll brimstone against a white hot iron bar, or by fusing t ftj 
gother stdphur and iron turnings (Exp. 47, § 116). ■ 

Bxp. 217. — Disanlre a amall erj-sut of ferrons sulpliate (eop^ 
peraa) in water, and add to tlie liquid a drop or two of ainmoniiui 
aulphydrate ( § 401), Black iron sulphide will be thrown down. 
The finely divided protosulphide thus obtained in the w«t wtigydit- 
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L quicklfiu iuMh than the compact sulphide obtained 

hy the way of fuBiou ; iu contact with acids it evoWt^ gas ho tumulto^ 
ously that it would be incouveuieut ua a wurce of hydrogen BulpLide, 
The black earth between the atones of the pavements uf cities, an^ 
at the bottom of drains and cesapooh), owes its color to iron probi^ 
sulphide formed by the putrefaction of sulphiu^tted compounds m ' 
contact with ferric oxide contained in the earth. 

479. Iron blaulphide (FeS,) occuis abundantly in nature as the 
well-known mineml iron pyrites. AVhen the pyrites ia roasted 
at a high temperature, sulphurous anhydride ia formed, and 
ferric oidde left, as in the manufacture of sulphuric acid. 
"When the temperature of the burnint^ pyrites is kept low, the 
product ia principally ferrous sulphate, and a large amount of 
copperas is thus obtained by ronstini^' pyrites and then treating 
with water. Under certain conditions pyritoa ositliaea iu the air 
at the ordinary temperature ; the apontaneottt oombostion of 
many kinds of coal is due to the oxidation of iron pyrites di»- 
Beminated through the combustible, 

COBALT (co) AND NICKEL (si). 

480. Cobalt and nickel arc two metals remarkably Fiimilar to ' 
each other in both physical and chemical propertieFi. They occur 
together in nature, generally in combination with sulphur and arsenic 
They have the same atomic weight (58.8) and nearly the name speoifie 
gravity (8.3 to 8.9). Nickel is somewhat used as an ingredient at 
certain alloys, of which Gernian silver, composed of copper, tvaa and 
nickel, is the nioBt familiar. 

Like iron, cobalt and nickel form protojtides (CoO and mO) and 
corresponding pvoto-salts ; like iron, they form sewj^uioxiiles (Co,0, 
imd HljOj) and corresponding per-salts. Unlike iron, however, the 
(irotoxides are more stable compounds than the sesquioxides. To \ 
designate the two series of salts, the terms cahaltoue and eiAaltie, : 
nickelous and nkkeiic are sometimes employed. 

481. The Besqniozide Group. — The most striking cha^ 
aeteristic of the metals which have been grouped together is 
this chapter is the property which tboy possoBS of forming 
mcilliozides and a corresponding series of salts ; most of them 
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fbnn protoxides as well, and if v 
Older of their atomic woighta, 

Gl = 14 Al = 27.4. Cr = 52.5, Mn = 
Ni = 58.8, Co = 58.8, 

the Besquioxittea of the meUiIa at the head of the 1 
inoat fltable of the eesquioxides, and the protoxides of n 
and cobalt are the most stable of the protosides, while with 
manganese and iron both forma of oxide are well represented. 
Glucinnm and aluminum have no protoxides at all, and the 
protoxide of chromium ia very unstable. 

482. ITraniiun (Ur) (at. wt. = 120). — With the members of itis 
group may he classed the Hire metal uranium, the Besquioude uf 
which is used to give a beautiful yelluwiah -green color to glass, and iil"i 
the following elements, which are more or less nearly related to nliaiii' 
num and iron: — Yttrium, Tt; Erbium, Er; Cerium, O* ; Lanthawiia 
I.a ; Didymium, Di ; QaLium, Qa. 



CHAPTER XSVIL 
^^m COFPEB AVS KEBOirST. 

^^H COPPER (CU). 

483. Though by no means one of the most abundant melals. 
copper ia nevertheless very widely diffused in nature, and " 
largely employed by man. Traces of it exist in almost ovm? 
soil, whence it ia taken up by planta, in which it may alinos' 
always he detected by refined testing. Traces of it b»v 
repeatedly been found also in the various animal o:j,'ana wa 
aecietions. Besides occurring in the native state, copper V 
found in a great variety of combinations ; the most common "' 
its ores, however, ia the sidphide, or rather a compound of wp- 
per sulphide and iron sulphide in varying proportions, known "^ 
copper pyrites. The carbonates and oxides of copper ant 8^ 
raluable as ores. 
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484. Copper is a rather hard metal, of a well-known red 
ilor ; it ia very tenacious, ductile and malleable. At the or- 
iiiary temperature the metal is not altered in dry or mc>ist 
r, unless finely divided. When lieated in the air it becomes 
>vered with a coating of a black oxide. Metallic copper is 
at very readily acted upon by acids, excepting those rich in 
Kygen. Except when finely divided it ia scarcely acted upon 
J even concentrated chlorhydrio acid ; in hot sulphuric acid it 
issolves as copper sulphate, sulphurous anhydride being given 
ff; in nitric acid somewhat diluted, it dissolves readily as 
opper nitrate, and nitric oxide eaciipes (Exp. 19, S 60), 

485. Several of the compounds of copper with other metals 
re of great importance in the arts. Brass and the yellow- 
letal used for sheathing aliips are alloys of zinc and copper ; 
ironze, gun-metui and bell-metal ate alloys of tin and copper, 
nd various eompomlioiis are produced by mixing these alloys 
rith brass ; copper ia also an essential ingredient of all the 
ommon coins, implements and omamenta of gold and silver. 

486. CaprouB and Cnprie Baits. — There are two aeries of 
opper salts, in one of which the atom Cu is Uralent, while 
I the other the double atom Cu, is bivalent. Thus, cupric 
iloride is CaCI, ; cuprous chloride is Cii,Cl,. As a rule the 
ipric salts are the more common and the more stable of the 
vo series. 

487. Oxides of Copper. — Thero arc two osides of copper, 
opper suboxide, cuprous oxide or red oxide of copper (Cu,o) 
jcura in nature as " ruby fnpper." It miiy be prepared artifi- 
ally in variotis ways, as, for example, by the action of certain 
iducing agents on alkaline solutions of cuprio salts (Exp. 136, 

298). Cuprous oxide is used to give a ruby-red color to ylasa. 
opper oxide, cnprio oxide or black oxide of copper (CnO) 
»ay be prepared by boating the metal in a current of air, or by 
uniting the carbonate, hydrate or nitrate. 

Eip. 218. — Bind a bright copper coin with wire, in such man- 
let iLat a etrip of wire 8 or 10 c. ni. long shall be left projecting from 
l^cuin ; thrust the free end of the wire into a long cork or bit of 



aj6 CUITER HYDRATE. [§4^8. 

wood, and by meBua of thifl handle hold the w>in ohliquelyin a small 
flune of the gM-liunp. A beautiful play of irideswiit colore will ap- 
pear upon the Burfiice nf thu cojijier, parliculaily if it be moved M 
and fro. Thrual the hot coin into water, and observe that it ia «t 
this stage covered with a red coating of copper suboxide. Eeplnce 
the coin in the lump and hcdd it in the hot oiddizing portion of the 
flanie ; it will soon liecome hlaftk from the formation of copper pml- 
oxidc. After n rather thick uoating of oxide hiw been formed, apiin 
qnench the coin in water : the black coaling or scale of oside will 1^1 
off, and beneath it will be seen a thin film of the suboxide finuly ad- 
hering to the nietaL 

Zixp. 219, — Evaporate to dimness in a porcelain dish upon i 
Band-lxitlL soniu of a solution of copper nitrate prepared &oni copper, 
08 in Exp. 21. Place a small quantity of the dry residue upon i 
ferment of porcelain, and ignite it until red nitrous fumes are no 
longer given ofi'. Copper protoxide will be left upon the porcelain 

488. Copper hydrate {CuH,0,) is formed when caustic albli 
is added to a solution of a salt of copper. 

Ezp. 220.— Place in a test-tube, or small bottle, 8 or 10 a. c or 
a cold dilute solution ol' copper sulphate, uud add to it enongh of !> 
solution of caUBtic soda to lender the mixture alkaline to tuBt-pupiJ. 
A light blue precipitate will fall j hydrate of copiier is insolubli; iu 
waler and in soda lye. 

Exp. 221, — Eepeat Exp. 220, with the difference that the Mo- 
tions of caustic soda and copper sulphate are both heated to boUinS' 
and are mixed while hot Instead of the blue hydrate, black copper 
protoxide will now be thrown down, for copper hydrate readily parts 
with its water when heated, even if it he all the while inmieraal in 
water ( it does not again combine with water after it has become 

Exp. 222. — Again repeat Exp. 230, but instead of soda lye Bild 
to the copper salt ammonia-water, (blip by drop, and shake the tube 
after each addition of the ammonia. Copper hydrate will ho prw.i[H- 
taled as before in accordance with the reaction, 

CuSO, -\- 2 (NH.)HO = (NH,)^0, + CuH,0„ 
for, as has l>een Sidd, this hydriite is imolulile in water ; but siaM 
copper hydrate is readily soluble in ammonia- water, the precipiia'* 
will redisBolve as soon as more of this agent than is needed to docom' 
/lose the copper salt is added. The aramooiacal solution of copp^ 
haa a nmjtfnific^ent amire-Wue to^ot. 



491.] EXTRACTIOy OF MBRCCRY. 

489. Copper sulphate (CnSO,) may be obtained Hi 
letaOic copper w-ith hot aidpliunc acid (sea § 123), 



ixide in dilute sulphuric add. The aa.jfc'^'''* 



jlving copper __^ 

lUizea with 5 equivalents of water. This hydrated sa^"^^ 
aown as blue vitriol, and is much used in the arta. "** 

It is remarkable that the blue color of copper sulpl^^,^ 
enda upon the preseoce of water, 
Eacp. 223. — Heat a little powdered blue copper sulphate uiao 
piece of jiercelain ; as it loses it« water, the light-blue p<'^vc^eI- w411 
jm white. A drop of water upon the anhydrous powder will rest z« ' 



blue color. 
490. Acetate* of copper are formed by the action of 

<3ortt_ 



cid upon metallic cupper exposed to the air. They ar^ 



jonly called Terdigria. Verdigris is usually prcpareK^^ , 
lacking plates of copper between woollen cloths steejj^j .^ 
inegar. The term is often, although incorrectly, applied t^^ 
Teen coating of carbonate which forms on metallic coppei- -^^. 
DDg exposed to moist air. 

SulpMdei of copper (Cn,S and CnS) occur native, az^^ 
.ouble sulphide of copper and iron called copper pyrite^ , 
Jready been mentioned as an ore of copper. Caprlo ■'HpJi.-j 
Dafl) is of considerable importance to the analyst ; it is for^, , 
/hen hydrogen sulphide is paas&.i into a solution of a cupric salt 
nd is a black powder, insoluble in water, in dilute acids, and in 

re solutions, 
MERCURY (ng). 
- *»i. Small globules of metallic mercury are sometimes found 
n nature ; but the principal ore of this metal is the aul- 
thide HgS, called oinnabar. From this sulphide the metal ja 
■eadily extracted by distilling a mixture of it and quicklime or 
ron-turnings, in caat-iron retorts. The sulphur is retabied by 
.he lime, or iron, as the case may bo, while metallic mercury 
lassea off in the state of vapor into receivers containing water 
beneath which it condenses to the liquid state. Large quan- 
litiea of mercury are used in estracting gold and silver from 
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their ores, for silvering mirrors, and in the process of Ero- 
gilding. Preparations of mercury ate employeil also as medica- 
ments, ant] for various purposes in the useful arta. The Suiditj 
of the metal maJfea it valuable in the construction of eertsiu 
philosophical instruments, of wMcli the thermometer and barom- 
eter are familiar examples. 

492. At tlie ordinary temperature of the air mercwy is a 
brilliant, mobile liquid, of 13.6 specific gravity; it freezes »t 
— 39.4°, becoming a ductile solid of tin-whit* color and girniii- 
lar fracture, whiuh can be cut with a knife. Mercury Taporiiaa 
slowly, even at ordinary temperatures, and boils at about 360*. 
The specific gravity of mercury vapor is 100, its atomic weight 
200. The symbol Hg thus denotes the two-volume weight of 
this element (§ 140), and the molecule of mercuiy is regarded as 
containing but a single atom. 

493. Pure mercury is unacted upon by the air at the ordi- 
nary temperature ; when heated it is converted into the nd 
oxide. It ia not atUickcd by chlorhydric acid ; hot sulpliurio 
acid converts it into mercury sulphate ; it dissolvea readily in 
nitric acid. 

494. Compoiuds of Kercruy. — There are two ozidM uC 
mercury, — an unstable black robozide {HgjO) and the orvtinary 
red mercury oxide (HgO). This latter oxide, as commonly pre- 
pared by heating mercury ia the air, or by gently heating nie> 
oury nitrate, ie a compact, granular, almost crystalline, glisten- 
ing powder, of bright brick-red color ; but when prepared in the 
wet way by adding caustic alkali to a solution of a mercuric salt, 
it is, when dry, a soft, orange-colored powder. Mercury oxide 
ia decomposed hy heat, as has already been seen (Exp. 3, j 9). 
Corresponding to the oxides of mercury are two series of com- 
pounds, the mercuric salts in which the atom Bg is bivalent, 
and the mercnrous salts in which the double atom Hg, is 
bivalent 

4'J.'>. Herooric Bolphide (HgS), which occurs native as cin- 
nabar, ia the most iruportaut ore of mercury. An artificial pro- 
duct of the same composition, known as vermilion, is used as a 
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pigment. The same compound ia formed when hydrogen sul- 
phide is passed into a solution of a mercuric salt ; thus prepared 
it id of a black color. It 13 insoluble in water, in dilute acids, 
and nearly insoluble in alkaline liquids. 

496. HeroniooB chloride (He,ci,), commonly called oalomal, 
extensively used as a medicament. It is a heavy whito 

powder, which volatilizes at temperatures below redness with- 
out previous fusion. It is tasteless, odorleaa, and as good as 
insoluble in water. 

497. Kercnric chloride (HgCl,), better known by the name 
of eorroiiTe aublimate, commonly occurs in commerce, in trans- 
lucent, crystalline masses. It melts at about 265°, forming a 
colorless hquid, which boils at 293° ; the fumes are acrid, and, 
like the salt itself, exceedingly poisonous. 

Kercnric chloride unites witli many organic siibetances to 
form compounds insoluble in water and imputrescible. It co- 
agulates albumin, for example, and the more perishable portions 
of wood ; hence the employment of raw white of e^ as an 
antidote in cases of poisoning by corrosive sublimate, and 
tiie use of the mercnry salt for preserving wood, ^ — a purposo 
for which it would, no doubt, be largely employed were it 
not foi ita high cost. Colleetiona of dried pla,nta, and of other 
ohjectB of natuml history, are preserved both from decay and 
from the attacks of insects by brushing over them a aolutioa 
of the chloride in alcohoL 

498. AmalgamB. -^ Mereury unites with most of the other 
metals to form alloys, many of which are pasty, or oven liquid, 
when the proportion of mercury contained in them is large. 
These alloys are commonly called am&lgami, in contradis- 
tinction to the ordinary solid alloys of the other metals, in 
which mercury has no place. The liquid amalgams are true 
solutions of other metals, or of solid amalgams, in the fluid 
mercury. The so-called silvering of miirors is an amalgam 

• of tin. 

t Mercury may be detected in almost any soluble salt of the 
ement by introducing into a solution of the salt a piece of 
ean copper. 




ing from tlieir decomposition. Many Tarietiea of iron pyrite 
in particular contain appreciable quantities of gold, and silvei 
is never fuimd in nature altogether free from it. The cliief 
source of the metal as on article of commeice is native gold; 
this is Bometiuiea foimd in a condition of purity, but is usually 
alloyed with more or less sUver. It is collected, either directly 
by mechanically washing away the Ughter substances with 
which it is associated, or, in the case of poorer ores, the gold 
is dissolved out chemically by means of quickaUver, and is anb- 
sequently recovered from the amalgam by filtration and dis- 
tillation. 

604. Pnre gold is remarkable as being the moat malleable oF 
the metals. Its softness is nearly as great aa that of lead. It 
has, however, much tenacity, and may be drawn into estremelj 
fine wire ; 1 grm. of gold can be made to yield as much 
as 3 kilometres of wire. The metal ran be beaten into leaves 
which are not more than TTs.iinr ff a raillimetre thick. Tlw 
specific gravity of gold is about 19.3j its atomic weight is 
196. 

505. In ttie air, ^Id imdeigoes no cliange at temperatntes 
lower than its melting-point ; and upon this fact, taken in eoo- 
nection with the beautiful color and lustre of the metal, and iU 
comparative rarity, its principal uses depend. 

On account of this indestructibility, gold was unaided by 
the earlier chemists as the king of metals; together with ) 
num and silver it is still spoken of as a noble metaL Fm 
chemical agents, excepting melted metals, have any action u 
gold. None of the common acids, wlien taken singly, i 
dissolve it, though the metal is completely soluble in a ] 
ture of chbrhydric and nitric acids {§ 76), and is not complete 
insoluble in nitric acid contaminated with nitrous acid or n 
nitrogen peroxide. The elements chlorine and bromine, 1 
ever, unite witlt it in the cold, and when hot it is attacked | 
phosphccrus and arsenic. 

506. Alloys of Gold. —Gold unites with most of the c 
metals ; but its moat important alloys are thrao with coppri 
siher, and mercury. Pure (!,old ia so soft that articles of j«| 
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dry made of it would quietly wear oat if used ; mich arttcIeB, 
&:< well as eoiua and watches, are therefore always made of gold 
wliioh has been alloyed with copppr, in order to inoreaae 
its hflirlneas. The etandard alloy for coiu in this country 
and in Frant'e is nine parts by weight of gold to one pnrt 
of copper; in England it is eleven parts of gold to one of 
copf)er. 

507. Salts of Gold. — The componnda of gold have little 
chemical interest ; two oxides ace known (Ati,0 and An.O,) ; 
the chloride (AnCl,) is somewhat used in the chemical labor- 
atory ; and the nyanide or rather a solution of gold cyanide in 
potaflsium cyanide is used in electro-gilding. 

L PLATtNDU (pt). 

FSOS. Platinnin ia a metal which, like gold, has little affinity 
for the other chemical elements. It is commonly found in the 
native state, alloyed with gold and with other metals. Like 
fold, it is obtained by washing away the earth and sand with 
vhich it is found mixed. It la a very heavy metal, the specific 
iravity of cast-platinum being 21.15. Its atomic weight is 

94.5. The color of platinum i^ intermediate between the 
vhito of silver and the gray of steel ; its lustre is far less hril- 
iant than that of silver. It is aa soft as copper, very mallea- 
jle and very tenacious ; it may be drawn into wire so fine that 
ts diameter ia only T^mr "f »■ niiOtmetre. It is not fusible in 
ordinary furnaces, but may be used in the blowpipe flame, and 
.3 nowadays melted in considerable quantities in lime crucibles 
by means of a blowpipe flame obtained &om common coal-gas 
and oxygen. 

509. Flatmum does not oxidize in the air at any temperature, 
nor ia it attacked by any of the common adds taken separately ; 
in aqiia reffia (§ 76) it dissolves slowly, — much less readily 
than gold. Chlorine- water dissolves it, but neither bromine nor 
iodine has any action upon it. 

From its comparative inertness as a chemical agent, taken in 

connection with its infusibility, platinum is an extremely useful 
the chemist. It is employed iu the Bdei\V\&a \3^k(i 
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crucibles, «TOporating dislws, stills, tu'hea, epatulsB, 
■Vire, blowpipe tips, anil the like ; and in the tuarmfacture of 
'of vitriol, large platinum stills, together with cooling Biphom 
"the eanie metal, are employed in the process of concentnitijig 
■(icid. 

"With most of the other metals platimun unites readily, fa 
,ing alloya which in many instances are more fusible than ] 
tinura itself ; lieuee. in employing platinum vesaek in cLi 
experiments, care must be taken never to touch the platinna 
■witli eftsUy fusible metals, or to place in the vessels any eiaS 
reducible compound of a metal. 

510. A remarkable property of platinum ia that of induciij 
various gasea to combine chemically one with the other. Thi 
power of causing combination is posaeaaed even by clean sia^ 
feces of the ordinary solid metal, though to a much greder 
degree by spongy platinum (Exp. 228), and still more by ths 
■very finely divided powder kauwu as platinum black. 

Bip. 226 Cut half ft granime, or more, of woru-out pladT.™. 

foil, or wire, into email fragm'"''^' ^""^ ^'^ them with a tettapoonfuitf 
aqua regia so long aa the meWl appeara to be acted upon, tlien decant 
the liquid into a porcelain diab, add to the fragments of platinanir 
another teaapoonfnl of aqua regia, and proceed as before, reiieatiiif, 
the treatment until aU the metal haa dissolved. By the rBjiMte' 
action of successive small portiuna of the solvent, platinum and Qtlie 
compamtively insoluUe substances can he dissolved much more read 
- ily than if all the liquid necessary for its solution were added at onoi 
Evaporate the solution to dryness upon a waler-bath, take up Ih 
Tcaidue with water, and preser^-e the solution of platinum chloriih 
(ptClJ thus obtained in a bottle provided with a glass atopiiet. 

Exp. 227. — Pour a tenspoonful of a solution of ammonium ohlfr 
ride into a teat-tube, acidulate the liquid with cblorbydric acid, 
nnd odd to it a drop of the aolutiou of the platinum chloride obIain«4 
iiithe preceding experiment A yellow, uiaoluble powder will nooa 
precipitated. The composition of this precipitate may be represent 
by the formula 2nH,Cl,PtCl4. Repeat the experiment, and tl 
time take enough of the pktitiucn solution and of the ammonii 
chloride to make half a teaspoonfal of the yellow predpitate, Itiki 
care that at last there shall be a slight excess of free ammoniim' 
ch/oTide rather than of platinnm chloride in the supemataut liqtul 
Allow tie precipitate to settle, wi^eBiil* 'A bw^ *« -i-ai'i.,^ ' 
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decantation, and <lry it partially nt a gentle heat Whe: 
late hoe acquired the coneistence of slightly moisttnoii^ ^~ *» ^ ^^ 
fer it to a cup-shuped piece of platiimm foil, and beat it -j.^ ^*-*^i^ 
the gas flame, as long as funiea of anunonimn chlori<l^ '~* ^'^n^ 
escape. All the cliJorine, hydrogen, arid nitit^n will -» *^*^^^'nu 
and there will remain upon the foil a (jraj. loosely-colj^^^ *"^'"'eja 

like mass of metallic platiEum ; it is called pfafinum aj^^^^,^^'^^ «poo, 
Ejcp. 228. —Hold the dry platinum aponge of 'EiC^^''' ' 

fltream of hydrogen or of comniou illuminating gae j^^ *'". ^^7 /^ 
finejet. The metal will soon bc!,'in to glow, and in ^ ^^Hi^' tmnx 
become hot enough to inflame the uiixtme of air funj jy*"**.*^^"' Wfl] 
With it. Before friction-inatches were eioployed, tl^j^ "" •Contact 
spongy platinum, of iiiflaroiiig hydrogen, was aomtitj^ ^''°P*'ny ^^ 
of foratrikingalight. The mode of action of the jij^ .^ ""ade u^^ 
experimeut is obscure j it has already beeu aUuded t<» jj^^"™ "* ^*» 

even more tiiiely divided than the eponge a-Vj^ ° j"'^''"!!!!!. 



511. Platinum black is a term applied to ^liGtalli 
jven more tiiiely divided than the epongo a-^bo ° j"'^''""— , 
Platinum black is not only capable of obaorbijj ^ "^mbe<J. 
.;.„„ :, J buU; of oxygen gas, but if ■^'^ ^toriag 



■up many times its o 
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ble of giving away this oxygen to many other substn °*Pa- 
easily osidizable liquids, such as alcohol or etber am "i^ "'^ 
upon platinum black which has previously been exnoHpj ^'*^ 
air, the liquids will be osidized and converted i„tt, ** ^^^ 
stances, while the powder becomes red-hot from the heaf ^ ~ 
during the act of oxidation. ivetl 

512. With gold and platinum are classed several rare metal 
are never found except in assooiatioii with platinum, and wfi' , '" 
resemble that metaL They are commonly called pUtinuiT '^^ 

and the group may be appropialely termed the platinum ^ 
The whole gronp consists of Rhodium (atomic weight = i(j4\ a l 
mam (IW), Palladium (108.5), Gold (196), Platinum (194 5) S 
(193.7), and Osmium (199). Palladium is used to impart to b 
p».flrtQreg a peoidiar reddish tint, eomctiniea caUed aalmon-broi!^ 
Iridium is used for the very hard tips of gold pens. Osniiuni 
forms, among other oxides, a volatile compound OsO,, whose vapore 
are intensely poUonous. The metals of this gronp are noble metlda ■ 
they withstand the action of the atmosphere ; none of them a ' 
ictednpon by nitric acid, though they dissolve in chlorine and ^ 
aqua regia, Their oxides part with aU tbeii oxygea when, aimulv 
W(ed, leaving the metal behind. ' 
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613. Bquivalent Weii^tB.— Ineip^rimenteliteExp.BM,!' 
where iiuu iijetal rei'likci^ uuuthtr, it w fuund that the re}>lw:eii)«i( 
ftlwajd occurs in tixtxl anil (littiiiitB prciponioiis. In this fiatit 
experiment the uuuuut uf Itiaii depoeileil wae to the auutuit ol 
ilisaolved aa 1U3.S to 'ii,5. If n Holtition of a salt uf eilver had 
employed instead of the lead tiuetAle, the amount of silver 
wuuhl have been to the idnu diasidved as lOS W 32-5. Thawdjiliti 
of the metRle thus deposited oi ditieulvad, that is to aaj, the ouuuinti 
iiidiuttted by the numbers 1U3.5 and 32.5 in the case of lead 
Hiay be aaid to be the eqiUvaUntt of each other ; thexe numbes(i> 
others bearing the same reUtioa la each other) may be called Ibi 
equivaUiU viejghts of lead and zinc reBpectively. The number of da- 
ments wiiose equivalent weights can be thus detenniued by the actiui 
replacement of one by the other is limited, but even in eaws whci* 
two elements do not replace each other, their eqnivalent weights 
etill be determined by comparing each of the two elemenls «i 
third. Ill this way, by direct or by indirect means, we may drsw up 
a table of the "equivalent weights" of the different elements [ theB 
equivalent weights would be either the same aa the atomic wei 
some simple multiple or submultiple of them, for by the veiy concep- 
tion of the atomic theory no replacement could lake place eicept by 
certain nmnber of whule atoms. 

In raany works on chemistry the student will find assigned to seT- 
eral of the chemical elements other weights thau those given on pap 
396. Thus, it was customary at one time to assign the weight 16 to 
BulphuT instead of 32, 6 to oxygen instead of 16, etc. These wei^ 
are the equivalent weights just described, and they are BtiU often smA 
by persoUB devoted to the practical applications of chemistry. IT* 
reasons which have led to the adoption of the series of atomic wei^ltl 
in present use cannot be appropriately discussed in this mimual, 
most purposes of calculation it is immaterial whether the " equiftl 
lent" or the "atomic" weights be employeil. Thus water is made 
of 1 part by weight of hydrogen and 8 parta by weight of oxygsa 
and it was formerly the custom to represent the equivalent weight 
oxygen (8) by the eymbol O. On this system the symbol HO sU 
for water, and indicated that water contains hydrogen and oxygen 
the proportion of 1 to 8, and that its equivalent weight is 9. I 
since the molecule of water is held to contain two atoma of hydrog 

* The subject la diacusssd with mors or less fnlnesa in moit of tba lu 
V trnt-baaiu uf ^^maitrr. 
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and ftne atom of oiygen, the atiim of oxygen weighing 16, the symbol 
of the compound ia written H^O. The proportion of hydrogen to 
oiygea is in both cases the name ; and, in general, it ia evident that 
the relative proportion in which any two or more elements exist in a 
cheinii^l componnd is a matter of fact determined by analyiua : it is 
wmethiug which no theoretical conceptioiu uf our? can diange. The 
atflmic weights, however, or the values which we aasigii to the symbols 
of the elements, must be fixed by what we hold to be true with regard 
to the number of afcms in the molecule of the compound. It is a 
better knowledge of the molecular constitution of bodies than was 
accessible to their predecessors that has led the chemists of the present 
itsy to employ new atomic weights in the case of a considerable num- 
ber of the elements. The more common elements whose atomic 
nights are double the equivalent iveigbts formerly assigned to them 



as follows ; — 






Ar-iruiKirM, 


Ibov, 


Platinum, 


Babium, 


Lead, 


Selenium, 


Cadmicm, 


Magnesium, 


Silicon, 


Calcic M, 


Manoan^g, 


Strontium 


Cakbon, 


IteRCIIKY, 


Sulfhub, 


Chromium, 


Nickel, 


Tw, 


Cobalt, 


Oktoen, 


Uranium, 


COPPEB, 


Palladiitm, 


Zinc. 



passing, then, from the formulie of the older system to the cor- 
inding formulie of the new, if the atomic weight of any elemeut 
Souble the old equivalent weight, it becomes necessary, in writing 
the symbol of any molecule containing this element, either to take 
liolf as many atoms of the element in question or to take twice as 
many atoms of the other elements in the molecule unless they also 
liave had their combining weights doubled. Thus the symbol of the 
itannic chloride was formerly written Sn Ol, ; now, since the atomic 
weight of tin is UK while the old equivalent weight was 69, the spo.- 
bol must be written Sn Ol^, in order to express the same relative 
■UMrtion of chlorine and tin. 

■14. ITomeiiclatnie. ~ In connection with the adoption of the 
Ktiic weights now in use, although not logically dependent upon it, 
Inere have occurred certain changes of nomenclature, especially in 
regard to the salts of the ordinary acids. The term acid itj^elf is not 
Deed in the same sense as formerly. Now (see pi^^es 41 -43) we ore 
to reatriflt the term acid to bodies coabuning hydiog^a wl 



gM^ , 




will, be displaced hj some other theoiy which 

« BatisfactaT; manner, it hoe been, ami 
To the beginner it ii chieBy valuaiile Tot the sid 
ritii^i: fomiuJte tmd equations. The giapbi 
fbimnlw and equntions written in accordance with this iheoij, 
(i^ul, chiefly betaiifle they can be made to represent more lads and 
more siippositioua than cau be expressed in ordinary formollB and 
equations. 

Tbe term atomldt; i^ applied to the highest dcgiee of quaotivi- 
leuue which the same atom luay possess ; and the atoms are de^ 
Dated as moiiads, Uyada, tiiads, tetrads, pentads, hexada and beploda, 
according as the atomicity is one, two, three, four, five, sis, or xyan. 
These terms, monad, dyad, et«., are sometimes used, however, to 
denote the more common degree of quantivalence, rather thnn the 
highest which tbe atom is capable of exbibiting. Thus the atomicilf 
of lead is four ; its prevailing quaativolenoe is two ; lead would ihua, 
according to tbe first pbin, be spoken of as a tetrad, according W ibo 
setonil as a dyoil. 

516. OaddatlonandReduetion.— Tbe terms oxidation and reduc- 
tion are nsed in a much wider senae than is implied in 1 120 on pi^ 
81, although tbe simplest use is as there indicated. As nn eiunple c' 
another use of the terms we may take the case of the two chlorides* 
tin. If by some chemical process the staiini>w ojdde (SqO) were i 
Terted into the stonoK oxide (SuO))) we should le|,dtiiuotely speak rf 
this as a process of oxidation ; if, now, the stannoui chloride (BnOli) 
in which tbe atom of tin, as in stannous oxide, is bivatenl, be cMi- 
verted into the stanute chloride (SnCli), in which tbe atom of tiu, 
in stannic oxide, is qnadrivalent, we speak of this process also «£ m 
of oxidation, although there is no oxygen in either compound. If'" 
leverae action were performed, and the stannic chloride were eonverwi 
into the stannous chloride, we should apeak of tbe process as one ^ 
reduction. The ferrous compounds are converted into the ferric 
pounds, the salts of chromium into obromates, the mercuroua saltJ in» 
mercuric, and so on, by aridinng agenle, and, in general, teiwt ' 
dement eon oeeur with two different degree* of quantivaUnoe, thi pam 
from thi lower to lite higher in brought ahout by an oaidighiff aelio», I 
patting from the higher lo tlie Jaaer bff a redvcirtg aelion. No objectti 
can be made to the use of the terais reduction and reducing agent 
; tbe tenua oxidation and oxidizing agent are, in W 
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», ntaniregtlj improper, although etill often ui«d. Such iu« of the 
ins originated when the dua.listic idea that ihe Mlt« eonUUned the 
reepouding oxides was generally aoepled, and fruiu ^uch suits as 
llll])hAte8, etc., tbe use was eih;tided even to chlorides. 
Other ebBracleristic eiantples of oxidizing and rE^lucing actions 
■e as followB ; — 

>, 152) C^^ HO -4- O = CjHiO, H *■ HsO. 

AlcariuH. Aldcbjde. 

fiere the aldehyde contains no more oiygen than the alcohol, but it 
ins leaa hydrogen, a portion of the hydrogen having bi^n oii- 
ond removed as water. 

p. 200) OiiHiaN.O« + Si = CitHijITiO,. 

ludigo bhje. Bfldoccd indigo. 

the hydrogen acta as a, reducing agent, not by approprialinj 
n, but by actually entering into the molecule. When the rc- 
luced or white indigo is exposed to the air it beconics blue. The 
rhite indigo is said to be oxidized, although the action is really & 
emovaJ of hydrogen, as Been in the following equation ; — 
Oi^HiiNgO] + O = CisHiiJTtO> + HjO. 
Eeduced fndigo. tndif^ bluo. 

Chlorine id often spoken of as an oxidii^ing agent ; it a.iAs in. two 
Ustinct ways, which may be illustrated as follows ; — 
HgvClg •(- 3 CI = 2 HgClt. 
3 B<0, Ae<0, + 2 H,0 -f 4 CI = 3 H^, Ab.O, + 4 HCL 



ia the first eqnation chlorine enters into tite compound ozidiEed ; 
the mercuious chloride is said to be " oxidized " to mercuric cliloriile. 
In tbe second equation the chlorine acts by appropriating the hy- 
idrogen of two molecules of water, leaving the oxygen free to enter 

to cnm 111 nation. 

517. Volumetrlo Inteipretation of Bymbols.— ^We have already 
<een (page 88) thjtt all gaseous molecules are believed, under like con- 
editions, to occupy liie same spiic* ; oon«iq«eiitly, the symbols for all 
tnoleculea may be taken to represent equal volumes of the snbstancei 
^itdicated, and by general agreeiiient the nymhot i^ a fnoUade mhen 
erpren Bolum^trie rdntiont aliMys itandg for two volvmet. 
The symbols oi the individual elements, as H, O, N, etc., we have 
ly used to represent, 1st, an atom of the element, and Sd, k 
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certain number of parts by vetgbt of tbe elementarj' Eiibtiluiu, 
namely, that number of purts which is indicated by the enrolniiing n 
atoiuic weigbL The aoine symbol cmy be also Daed to denote (3^ 
aceitJUD volunuof the dement in qoestion, when thai element is in 
the ga8e«us stale. We have already used (page 16 and often] tlie 
(ymlulH H, O, N, and S, U> denote one volame of hydrogen, orj^en, 
nitrogen and aulphur (vapor), respectively, and, in general, when the 
element is one whose molecule contains Iwu atoms, the symbol for the 
atom is used to indicate one volume. When the element is one wbose 
molecule contains only one atom, the symbol for the atom will be 
also thu symbol of the molecule, and will denote two volnmes :— 
thus, Hg dtnotes two volumes of mercury vapor. When tbe de- 
ment ia one whoee molecule contains 4 atoms, the symbol for the 
atom will indicate only half a volume : — thus, P stands for only 
half a volume of phosphorus vapor. Examples of the volumetric 
iuteqtretatiun of symbols are found on pages 34, 37, 46, 97, and olliera. 
As the great majority of the known elements cannot be volaljliud, 
or made gaseous, by the highest temperatures as yet at our conuoand, 
under conditions which permit the chemist to experiment with ihe 
Baaes produced, it is plain that the cotii position by weif;ht is, in the 
present state of chemistry, of far gieuter practical importance than 
composition by volume, 

518. Coinoldeuce of Atomic VTeisht and Unlt'Tolnme 
Weif^t. — The specific gravity of a gas or vapor is the weight 
of any volume of that gas or vapor as compared with the wei^ 
of the same volume of hydn^n gas under like conditions of tei* 
peratuic and pressure ; we use the term vapor deaaity to 
note the same idea, and, less commonly, the term unit-Toli 
Treigbt. The same number expresses both the vapor d< 
the atomic weight in the case of those elements mentioned on p. 91, 
whose molecules contain each two atoms. Of course, this coinci- 
dence is something that is establisbnl by experimental observation ; 
it does not follow from, but actually is a part of the basis of, 
theory as to the constitution of the molecules in question. In 
case of the elements whose molecules contain four atoms each, 
vapor density will be twice the atomic weight, and in 
elements whose molecules contain one atom each, the vapor 
will be one-half the atomic weight 
1% is not necesaary to suppose that the same elementaiy eal 
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always, and under all conditions, contains the Bome number of *\X,^-^~ 
■ the molecule. In the first place it ia only when the «'e«ri^»,j_^ 
itances are gaseous that we have, nt present, meuna for a-x-j^-^^j 
of their molecules. The molecule of »ulj»j-j * 

tote contains two atoms, but iu the solid sUte J^ ^ 

than two. In fact, the phenomena of aUotiwp>^^_^_^ * 
explained by supposing either that the various woiliftct^j.- 
a different number of atoms in the molecule, or that th,^. **"' 
difference in the arrangement of these atoms. In the »;*»j3g 
there is good reason to suppose that the molecule eo»,» . 
ims, while the moltLule of oxygen contains only 2, aa «1 »^^, * 
m page 70. 

Electrical RotaUona of the Atom*.— [To accompany ^^ 
S57.] Speaking somewhat loosely, nil the elements which in this Uat 
precede gM are negative, while gold and the elementa which follow 
it are positive. We have been in the habit of speaking of the nega- 

t elements collectively as the non-metallic elements. The terma 
ive and positive are, on some acuouiita, to be preferred, al- 
;h themselves not perfectly e»act in their aignifioatioii. The 
BBtne element in different compounds will olten play a, very dif- 
ferent part. Thus the element zinc, which we ore now sturlying, 
acts in its compounds ordinarily as a positive eluroent ; its hy- 
drate (ZnHtOj) is a base, its oxide (ZnO) is a bosio anhyilride, 
and the element when in combination is usually combined with 
negntive elements or radicals, aa, for example, in ZnCl;, ZnSOj, 
etc Occasionally, however, sine plays the port of a negative ele- 
ment, as, for instance, in potassium zincate (Exp. SQ2). In this 
compound the zinc plays the same part that sulphur does in the 
sulphates, nitrogen in the nitrates, etc. Con-es]K>nding to potoa- 
sium zincAte (KiO^Zn), we should have zincic acid (H^jCZa) and 
lincio anhydride (ZnO). In fact, the hyrlrate of zinc does div 
solve, either in acids (acting, therefore, as a base) or in alkalies 
(acting OS an acid). Many of the elements which we generally 
designate as positive or metallic, act in a similar manner ; this 
difference of action is often acc^mpanitnl by difference in qaoMr 
Hvtdenee. Thus in the case of chromium, we have two very dis- 
tinct classes of compounds ; 1st, the iaulls of chnimiiun, in which 
we recogniae the double atom of chromium, Cr,, acting as a hei- 
ivslent jnuititM tudical ; 2d, the chromatea of various elements in 
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which the single atom of chromium, Cr, is hexiyalent and neg* 
atiye. Corresponding to the former of these two classes we have 
the basic oxide, CryOsi and the basic hydrate, CrsHeOe; corres- 
ponding to the second class we have the aoid anhydride CrOi and 
the acid H1C1O4. 
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In the following list the more important of the elements 
are arranged in the gronps in which they have heen studied 
in the preceding pages. Without accepting any one infallible 
criterion of classification, or insisting upon any systematic ar- 
rangement of the elements in groups with that strenuousness 
which is apt to make classification rather a hindrance than a 
help, the student may provisionally use this suhdivision of the 
elements into groups, as a help in remembering facts, as a 
guide to the prompt recognition of genersd properties and gen- 
eral laws, and as a suggestive compend of his whole chemical 
knowledge : — 



Fluorine, . 


. 19 


Calcium, . 


. . 40 


Chlorine, . 


. 36.5 


Strmtivm, . 


. 87.5 


Bromine, . 


. 80 


Barium, 


. 137 


Iodine, 


. 127 


Lead, 


. 207 


Oxygen, . 


. 16 


Magnesium, 


. 24 


Sulphur, . 


. 32 


Zinc, . 


. 65 


Selenium^ . 


. 79.6 


Cadminm, . 


. .112 


Tellurium, . 


. 128 










Glucinwm, . 


. 14 


Nitrogen, . 


. 14 


Aluminum, 


. 27.4 


Phosphorus, 


. 31 


Chromium, 


. 52.5 


Arsenic, 


. . 75 


Manganese, 


. 55 


Antimony, . 


. 120 


Iron, . 


. 56 


Bismuth, . 


. 210 


Cobalt, 


. 58.8 






Nickel, 


. 58.8 


Carbon, 


. 12 


Uranium, . 


. 120 


Boron, 


. 11 






Silicon, 


. 28 


Copper, 


. 63.4 






Mercury, . 


. 200 


Hydrogen, . 


. 1 






Lithium, . 


. 7 


Tin, . 


. 118 


Sodium, 


. 23 






Potassium, . 


. 39.1 


Gold, . 


. 196 


Silver, 


. 108 


Platinum^ . 


. 194.5 
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CHEMICAL MANIPULATION. 

3. aiajM-tnblng. — Two qualities of glaBS-tubing are 
Seal esperiments, — that which softens readily in the flame of a gas- or 
npiiit-lamp, and that which fasca with extreme difficulty in the fl&ma 
vi the blast-lamp. These two ([ualitiea are diatioguiabed by the 
ierms lofl and hard j^laaa. Soft glass may be used for all purpoaeg, 
except the intense heating, or igziition, of dry niibstancee. Fig. I 
represents the most convenient aizea ot glaas-tubing, both hard and 
Kth, and shows also the proper thickness of the gloss walla for each 




2. Cnttliig and Ciaoking Olass. — Olass-tiibing and glasg-rod 
Dmst generally be cut to the length required for any particular ap- 
pnatUB. A sharp triangular file is used for this purpose. The stick 
of tubing, or rod, to be cut is laid upon a table, and a deep scratch is 
nude with the file at the place where the fracture is to be made. The 
(tick u then grasped with the two hands, one on each aide of the 
25 
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muk, while Ui« thmnlw are brought ti^hor jast at the Bcratth. Bf 
puehing with the tliiuubB und pulling in the opposite direction wiUi 
tliB fiiigets, the uLicli ia broken sijuanJy ot the Bcratth, just as a Hick 
of caiiUv or a dry twig may be broken. The shaip edges ui' the fcactiiw 
should invamlily be made smooth, either with a wet file, or by softeit 
ing the eud of the lube or rod in the lamp. (See Appendii, 5 3.) 
Tubee or khIb of sizes 4 to 8 inehisive may readily be cut in thLsmMC 
iier ; the laiget BJiea are divided with more difficulty, and it is oHeft' 
newMSSiry to tuake the tile-mark both long and deep. An even ft«r 
tuio ifl not ulwayB to be obtained with Jaige tubes. The lower em 
of gloBB funiielB, und those end* of gaa ddivery-tubes which enter J 
bottle or flaak in which the gaa is generated, should be filed off, i 
Fin. IL ground off on a grindstone, ohliciuely (Fig. II), 

: facilitate the dropping of liquids from such 

In order to cut glass plates, the glazier's diamo 
muEit be resorted to. For cutting exceedingly tl 
glass tubes and other gloes ware, like flasks, leto 
and bottles, atill other means are resorted to, based upon the sudc 
and unequal application of heut The process divides iteelf ii 
two parts, the producing of a crack in the requireil place^ and 1 
subsequent guiding of this crack in the desired direction. To p 
dnce a crack, a scratch must be mode with the file, and to this scnU 
a pointed bit of red-hot charcoal, ot the jet of flame produced 
the month blowpipe, or a very fine gaa-flome, or a red-hot glaas-i 
may be applied. If the heat doea not prodnce a crack, a wet aticki 
file may 1>e toucheil upon the hot spot. Upon any part of a ^lasa ai 
face except the edge, it is not possible to control perfectly tlie din 
tion and extent of this first crack ; at an edge a nmall crack uiay 
started with tolerable certainty by carrying the file-mark entirely « 
the edge. To guide the crack thus started, a pointed Irit of cl 
or slow-match may be need. The hot point must be kept on the 
from 1 c m. to 0.5 c m. in advance of the puint of the crack, 
crack will fallow the hot point, and may therefore be carried in 
demred directiop. By turning and blowing upon the coal or C 
match, the point may be kept sufficiently hot Whenever the plai 
of experiment is supplied with common illuminating gas, n very si 
jet of burning gas may be advantageously substituted for the hot 
or slow match. To obtain such a sharp jet, a piece of hard gls 
tube. No. Q, in c. m. long, and drawn to a very fine point (we A] 



pradix, S 8), ahouU be placed in the caoutchouc tube which onlinuity 
delivere the gas to tlie gus-luiup, aud the gaa should be lightwl at the 
fine extremity. I'hu Imniiiig jkI ebuuU have a due point, mid should 
not exceud J.5 c. ni. in length. By a judii;iou8 usu of tlieae nimple 
tools, brukeu tubes, beakers, flusiw, retorts and bottles may often be 
niiide to yield very useful articles of apjwrutua. No sharp edgea 
should be allowed to remuin upon glass apparatus. The durability 
of the ajiparatua itself, and of tlie corks and caoutchonc Btoppets and 
tubing used with it, will be much greater, if all sharp edges are re- 
moved with the file, or, atiU better, rounded in the lamp. 

3. Bending and CloainB GlaBe-tubea. — Tubing of eizes 6 
to 8 inclusive can geueiully be worked iu the common gas- or spirit- 
lamp ; for laijjer tubes the blast-liuup is necessary (see Apjiendii, 
§ 6). Glass tubing must nut be introduced suddenly into the hottest 
part of the flame, lest it cruck. Neither should a hot tube he taken 
fi-om the flame and laid at once upou a cold surface. Gradual heating 
and gradual cooling are alike necessary, and are the more essential 
the thicker the glass ; very thin glass will sometimes bear the most 
sudden changes of temperature, but thick glass and glass of uneven 
thickness absolutely require slow heating and annealing. When the 
eud of a tube is to be heated, as in rounding sharp edges, more care is 
required in consequence of the great facility with which cracks start 
at an edge. A tube should, therefore, always be brought first into the 
carrent of hot air beyond the actual flame of the gaa- or spirit-lamp, 
and there thoroughly warmed, before it is introduced into the flame 
itself. If a blast-lamp is employed, the tube may be warmed in the 
smoky flame, before the blast is turned on, and may subsequently bo 
annealed in the same manner ; the deposited soot wiU be burnt off in 
the first instance, and in the last, may be wiped off when the tube is 
cold. In heating a tube, whether for bending, drawing or closing, 
the tube must be cmalanlly turned between the fingers, and also 
moveil a little to the right and left, in order that it may be imiformly 
heated all around, and that the temperature of the neighboring parts 
may be duly raised. If a tube, or rod, is to be heated at any part but 
an end, it should be held between the thumb and first two fingers of 
each hand in such a manner that the hands shall be below the tube, or 
rod, with the palms upward, while Ihe lamp-flame is between the 
hands. When the end of a tube, or rod, is lo !» heated it is best to 
begin by warming the tube, or rod, about 2 c. m. from the end, and 
from thence to proceed slowly to the end. 
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'rf Ihe tube, find then, taking the gloM from the f 
jinll the parts asunder by a tautioiis movement of the hands. The 
larger the heated portion of glass, the longer will Ik the tube 
Haus formed. Ita length and fineness also increase wijh the rapidity 
t£ motion of the hands. If it is desirable that the finer tube 
■hould have thicker walls iu proportion to its bore than the origi- 
bal tube, it ia only neteagary to keep the heated portion soft for two 
a three minuteH before drawing out the lube, pressing the parts ■ 
il%htly together the while. By this process the glass will be thick- 
^ted at the hot ring. 

To obtain a tube closed at one end, it is beat to take a pieca of 
tnbing, open at both ends, and long enough to make two closed tubes. 
In the middk of the tube a ring of glass, sa narrow as possible, muat be - 
mode thoroughly soit The hands are then aeparated a little, to cause 

contraction in diameter at the hot and soft part. The point of tba 
Same must now be directed, not upon the narrowest iwrt ot the tube, 
but upon what ia to be the bottom of the closed tube. This point 
J8 indicated by the line a in Fig. IV. By Fio iv. 

'Withdrawing the right hand, the narrow part 
pf the tube ia attenuated, and Anally melted 
Bff, leaving botli halves of the original tube 
dosed at one end, but not of the same form ; 
'Qie right-hand half is drawn out into a long 

point, the other is more roundly cloaed. It ia not possible to close 
littndaoinely the two pieces at once. The tube is seldom perfectly 
Anished by the operation ; a auperfluous knob of glass generally 
upon the end. It small, it may be got rid of by heating the 
Vhole end of the tube, and blowing moderately with the month into 
1^ open end. The knob being hotter, and therefore softer than any 
other part, yields to the pressure ironi within, spreads out and disap- 
pears. If the knob ia laige, it may be drawn off by sticking to it a 
Ingment of tube, and then aoftening the gb»s above the Junction. 
The same process may be applied to the too pointed end of the right- 
itaiid half of the original tube, or to any misshapen result of an unsuo- 
ceEsf\il attempt to close a tube, or to any bit of tube which is too short 
to make two closed tubes. When the closed end of a tube is too thin, 
lit may he strengthened by keeping the whole end at a red heat for two 
oi three minutes, turning the tube constantly between the fingers. It 
may be .said in general of all -the preceding oxierationa before the. . 
lahip, that taccea depends on keeping tkt tube to he healed *n anutiait 
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4. Blowing Bulb* Mid Piercing Holes in Tnbing. — If th« 1 
biilb detiired ia large in proportion to the eize of lie tube on whicli 
it is to be nude, the wolli of the tube must be thickened by rotatiun 
in the Hame of the Bunsea burner, or of the blast-lamp, before the 
bulb can be blown. If the bulb ia to be blown in the middle of a 
piece of tubing, this thicktiiung is effected by gently pressing the 
ends of llie tube together while the gloaa is led-hot in the pbce 
where the bulb is to be ; if the bulb ia to be placed at the enil of a 
lube, tlm end vi first closed, and then suitably tbickened by keeping 
the closed end of the tulie in the flame, and turning it uontinuelly, 
until enough has been accumulated at the end. The glass ia then 
suddenly withdrawn from the flame, and the thickened portion ex- 
panded while hot by steadUy blowing, or rather pressing, air into the 
tube with the mouth ; the tube must be constantly turned on its sxia, 
not only while in the flwue, but also while the bulb is being blown. 
If too acpong or too amlden a pressure be eierted with the month, the 
bulb will be eitremely thin and qnite uselesa. By watching the ex- 
panding glass, the proper moment for arreeting the pressure may 
usually be determined. If the bulb obtained be not large enough, it 
may be reheated and enlai^ by blowing into it again, provided that 
a sufficient thickness of glass remain. 

It is sometimes necessary t« make a hole in the side of a tube a 
other thin glass apparatus. This may be done by directing a pointH 
flame from the blast-lamp upon the place where the hole is to be, ul 
a small spot ia red-hot, and then blowing forcibly into one end of tl 
tube while the other end is closed by the finger ; at the hot spot t] 

is blown out into a thin bubble, which bursts, or may be e 
broken off, leaving an aperture in the aide of the tube. 

Tt is hoped that these few directions will enable dw* 
attentive student to perform, aufficiently well, all tl 
manipulations with glass tubes which otdinary chemical 
experiments reqair& Much practice will alone give a 
perfect mastery of the details of glass-blowing. 

5. Lamps. — The common glass spirit-lamp n 
understood without description from the Sguie (Fi 
V). This lamp does not give heat enough for i 
ir aucb purposes a lamp with circular wick, of st 
a fomiij sold under the name of Berzeliua's 
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^irit-Lainp (Fig. 
[ MUftlly mouutol 



TI), IB necesaaiy. These argand 

lamp-stand provided with three htasa 



. lamps an n, 
hrssa rino. 




tut the fittinga of these lamps 
bU made slender, in (irder 

feot to cftrry off t*!" much 

htAL When it is necessary to 

beat heayy vessels, other aiip- 

ffOta nnwt be nsed. 

Whenever gas can be ob- 
tained, gas-lamps are greatly 

to be preferred to the best 

Bpirit-lamps. For nil ordinary 

experiments, excejit those for 

^ich ignition -tubes mast be 

prepareil, or In which con- 

aiderable lengths of tubing 
be heated, the gas-lunp 

■known as Bnnsen's burner «-ill be anfficient. Fig. VII represeiita a 

tiifiap and excellent form of the Bunsen lamp. The single casting of 

kasa a b comprises the tube b through which the gas enters, and the 

jUock a from which the gas escapes by fm. vii. 

*wo or three line vertical holea passing 

flirough the screw d, and iasuing from 

liie npper face of d, as shown at e. 

7he length of the tabs b is 4.5 c. m., 

Jt&d ita outside diameter varies from 
at the onter end to 1 c. m. at 

tlio junction with the block a. The 

ontsjdp Hiometer of the bluck a is 
,, and its outside height with- 

Wt the screws is l.B c m. By the 

«w e, the piece a i isattacihed to the iron foot 3, whii'h maybe 6c. m, 
diameter. By the screw d, the brass tube / is attached to the cast- , 
fab. The diameter of the face e, and therefore the internal diameter 

»f the tube/should be 8 m. m. The length of the tube / is 8 c m. 

.Through the wall of this tube, four holes 5 m. m. in diameter are to 

tn cut at such a height that the bottom of each hole will come 1 m. ni. 

■bore the fece e when the tube is screwed npon a b. These hole« are 
opposite each other in pairs. The finished lamp is also 

ihown in Fig. VII. To the tube 6 a caoutchouc tube of 5 to 
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"HO-ia. intenifil diameter is attached ; this flexible tube altould be 
■bout I m. long, and it« otlier etCi«mity Bhonld be connected with 
the gof^cork through the intervention of a short piece of htoaa giu- 
pipe screwed intn thu cock. la canea where a very small flame is k- 
quireii, a«, for inatance, in evaporating small quantities of liijnid,* 
piece of wire gauze, somewhat loiger than the opening of the tube J 
■hDu]d be laid across the top of the tube, and ite projecting edges 
pressed down tightly against the sides of the tube before the gas is 
lighted. In default of tlila precaution, the flame of a fiunsen burner, 
when small, and exposed to currents uf air, is liable to pass down iLe 
tube and ignite the gaa ai d. 

A smaller and somewhat cheaper lamp, made on the SBm.e principle 

as the ordinary Bunsen burner, ia represented in Fig, VIIL The 

ria. Tin. " tip " of the burner ia cast of brass, and the 

r-B (^ construction will be evident from the en- 

a 'n larged section (i). The stand or foot ia the 

I , n same as shown in Fig. VII, except 

I ^ the o^iening for the ga» ia larger. Theiy. 

I ^^ ^ .Ol l3m[>3 are excellent where a small flame 

I required, as it is almost impossible for 

gas to " back down " and ignite at the lowBt 

opening. Tips are also made, as sbowu at ^ , 

the upper opening being closed, and the gas issuing from smaller 

openings in the aides of thi tube forma a " rose " ; this form of bun» 

is of especial service when evaporating a solution in a porcelaiii liinb 

where it is desirable to heat the liquid equably. Either cf the tips 

described may be screwed upon an ordinary gas-burner in default of 

the stand or foot above represented. 

fja_ IX, A lanip to give a powerful flame 8 

long, suitable far heating lull's, may be \ 
simply constructed by boring two holes, e 
the aida and issuing at the upper face, throDgtt' j 
block of compact hard wood, 10 c. m. by 6.6 c. fl 
by 3.5 c. ra., and fitting short pieces of brass ti 
ing into the holes so formed. To the tubes attht 
side are attached the caoutchouc tubes which de- 
liver the gaa, and from the tulies at tlie top the 
sheet-iron funnel closed at the top with wire-gauw^^ 
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Above this gauze, the 



of gas and air ia to be lighted. 
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tabe bent near one extienutj at a rigitt angle. Fig. XV, a, « 
■ents a common form of blowpipe used by jewellera. The blowpipa 
is rendered more convenient by the addition of a. mouth-piece itiid 
a chamber near the right angle for the con- 
densation of moiBture. Fi),'. XV, b and e, 
repreeent different forma of blowpipe thus fur- 
nished. The chiiapest and bent form of month 
'. falowpipe for chemical purposes is a tnbe ot 
Jtin-plnte, about 18 c m. long, 2 c nL broad at 
rone end, and Inpering to 0.7 c. ni. at the other 
<Fiy. XV, b) ; the broad end is closed, and 
serves to retain the moisture ; a little above 
tiia cloacd end a small cylindrical tulie of 
iDrase about 6 c. m. long is soldered in at right 
angles ; thia brass tnbe is slightly conical at the end, and carries a 
Broall aotrie or tip, which may be made either of brass or platintun. 
The tip should 1)6 drilled out of a solid piece at metal, and should 
■Kot be fastened upon the bra?B tube with a screw. A tnunpet-ebaped 
" snouth-piece of horn or boxwood ia a convenient, though by n 
essential, addition to thia blowpipe. For convenience in cleaning and 
packing, blowpipes are often made in several pieces, as is the onn 
represented in Fig. XV, r. 

The blowpipe may be naeil with a candle, with gas or with any 
hand-lamp proper for burning oil, petroleum or any of the sn-colled 
Imming Jluids, provided thnt the form of the lamp below the wick- 
holder is such afl to permit the close approach of the object to be 
heated to the side of the wick. When a lamp ia used, a wick about 
1.2 c. m. long and 0.5 c. m, broad is more convetuent than a round or 
narrow wick. The wick-holder should be filed off on its longer 
dimension a little obliqnely, and the wick cut parallel to the holder, 
in order that the blowpipe flame may be ilirected downwards when 
necessary (Figs. 47, 48, pi^e 130). A gaa flame suitable for the blow- 
pipe is readily obtained by slipping a narrow brass tube (i), open at 
both ends, into the tube / of Bunsen'a burner. (See Fig. VII.) 
This blowpipe-tnbe must be long enoufib to close the air apertures in 
the lube/, and should be pinched together and filed off obliquely on 
top i it may usually be obtained with the burner from dealers in 

chemical ware. 

■ Caoutchouc. — Vulcanized caoutchono is a most useful snb- 
ce in the laboratory, on account of its elasticity, and h 
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MMitaao well most tiftbeaniTosivc gubeEanu«s with wLich tbe ehemiit 
lUtlla. Il ia usetl iu tubing of v»rioua diametera coiuparablQ wilii tha 
tius of ){lass tiil)ii!g, and in Btoppen of various siees tu replaoe oarluL 
Uuoutchoui: tubing may b« used, tocunduutall giuas andUi^nids whid^ 
do not corrode it» aubetaoca, procidud that tha pi'eesure i»idtir wbif^ 
thu gU8 or lii^uiU flows be nut greater, or thoir temperature Iii)jlie%. 
tbou the texture of Uie tubing can endure. The fieidbilitj of tt 
tubing; is a veiy obvious iulvuntuj,'e in it great roriety of casia, Sboit 
pieoea vf sucli tubiug, a few uentiiuetKa i:i length, are mnob u 
iitiikr the uanie of cotineiitors, to inake fimdble jointa iii appaistna, qI 
whioh glass tubing furuu part ) flexible joints add greatly to the dnn 
hility of such apparatus, Iwcause loii^ glass tubes bent at seven 
angles and touneoted witli heavy objedts, like ghibes, bottlus or flu) 
full of lii[uid, arc almost certain to break even with the most cai«(ll 
usage ; gas-delivery tubes, a»d all considerable lengths of glass tulusg 
should invariably be divulsil at one or more places, and the p 
joined again with uumtchnuc connectors. The ends of glass ttibiq 
to be thus connected should be squarely cut, and then tounded in tl 
laiup, in order that no sharp edges iiiay cut the cai^utchouc ; the ij 
temal diameter of the caoutchouc tube must be a little smaller tlu 
the external diameter of the glass tubes ; the slipping on of the coat 
neetor is facilitated by wetting the glass. 

Caoutchouc stoppers of good quality are much more durable tho^ 
corks, and are in every respect to be preferred. The German stggj 
pers are of excellent shape and quality ; the American, l>eing cliie||{ 
intended for wine-bottles, are apt to be too couioal. CauutdtOH 
stoppers can be bored, like corks (see the next section), by iiteans q| 
suitalile cutters, and glass tubes can be fitteil into the holes thus n 
with a tightness unattainable with corks. German stoppers may \ 
bought already piwvided with one, two ami thrte holes. It is n 
well to lay in a large stock of caoutchouc stopjiers, for, though thf 
lust a long time when in constant use, they not in^juently detcl 
erate when kept in store, becoming hard and somewhat brittle wii 

9. corks. — It is often very diJEoult to obtain sound, elastic cai^ 
of fine grain and of size suitable for iar^ flasks and wide-moot 
bottles. On this account, bottles with moutha not too large t 
closed with a cork cut across tlie grain should be chosen for cberoiq 
uses, in preference to bottles which require large corks or bungs c 
with the grain, and therefore offering continiujua channels for tl 
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9 tubes, a hollow 



^^ESI^ ftf gBsee, or even liquids. The kinds sold as champagna 
eorka and as satin corks for phials are suitable for chemical use. Tlie 
beat corks ({enerally need to be softened before using ; this soft^'iiitig 
ina.y be effected by rolling the cork under a board upon the table, or 
tmder the foot upon the clean floor, or by gently wiueeiing it on all 
sides with the well-known tool expressly adapted for Chie purpose, and 
tbeace called a cork-equeezer. Steaming also softens the hardest 
corkB. 

Cotka mnst often be cut »ith cleanness and precision ; a sharp, thiu 
knife, such as sboeniakera use, ia desirable for tliis purpose. When a 
cork haa been pared down to reduce its diameter, a flat file may be 
employed in finishing ; the tile must be fine enough to leave a smooth 
BWface upon the cork ; in tiling a cork, a cylindrical, not a conical 
form should lie aimed at. 

In boring holes throagh corks to receive gl 
cylinder of sheet brass sharpened at one end ii 
tool. Fig. XVI. represents a set of such 
little cylinders of graduated sizes, slipping oi 
within the other into a very compact fonn ; 
Btout wire, of the same length as the cylinders, 
accompanies the set, and serves a double pur- 

^poBe, — passed transversely through two holes 
ia the cap which terminates each cylinder, it 
gives the band a better grasp of the tool while 
{wnetrating the cork ; and when the hole is 
made, the wire thrust through an opening in the 
top of the cap expels the little cylinder of cork, 
which else would remain in the cutting cylinder 
L «f brass. That cutter whose diaineter is next 
H 'below that of the glass tube to be inserted in 
r fte cork is always to be selected, and if the hole it makes ia too small, 
I round file must be used to enlarge the aperture. 

Cutters which have been dulled by use may be sharpened by filing 
or grindii^ down their outer bevelled edges, and then paring off with' 
K sharp penknife any protuberance or roughness which may remain 
L itapon the inside of the edge. 

A flask which presents sharp or rough edges at the month can 

Idom be tightly corked, for the cork cannot be introduced into the 

"t without being cut or roughened ; such sharp edges must be 

tnnded in the lump. In thrusting ghus tubes through bored corki, 
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1k» Mlcnring dire^om ue to be obeerved : (1.) The end of the tnbt 
IMtot raM pment a stiarp edge capable of cutting the cmk. (2.) Tli« 
tube abonhl b* grajpwl very close to the cork, in order to escnpe 
cutting tlie baud whidi bolde tbe cork, shanld the tube break ; V 
observing this precantian the chief cause of breakage, vie,, irrqpilar 
lateral pressure, will be at the same tiine avoided. (3.) A funnel- 
tulie nmsl ne*er be held by the funnel in driving it through a cork, 
nor & bent lube gntsped a1 the bend, unless the bend cniiieti tiumedi- 
aiely above tie eork. (4.) If the tube goes very banl through 
fork, the application of a little foap and water will facilitate its 
*ag«. bnt if eoap is used the lube can seldom be withdrawn from d» 
cCTtk after the latter has betome dry. (S.) The tube must not 
pushed straight into the cork, but screwed in, as it were, with a »I( 
rotary as well sa onword motion. Joints made with corka shot 
always be tested before the apparatus Li used by blowing into I 
apparatus and at the eame time slopping up all legitimate outia 
Any teaki^ is revealed by the disappearance of the pressure creat 
To the raiae end, air may be sucked out of an apparatus and its 
nesa proved by the permanence of the partial vacuum. T« 
to use a leaky cork is generally to waale time and labor and 
the failote of the experiment. 
10. Iron-stand. Sand-bath and Wire-ganse. — To snppM 
the gaa-lainp, nn iron stand is used consisting of ) 
stout vertical rod fwtened into a heavy, CHSt-iroD foa 
and two or more iron rings of graduated aixea aecon 
to the vertical rod with binding screws ; all the rim 
may be slipped off the rod, or any ring may be adjn«H 
at anv convenient elevation. As a general rule, it ; 
not best to epply the direct flame of the lamp to gU 
and porcelain vessels ; hence a piece of wire-gauM' 
stretched loosely over the largest ring, and bent do*] 
wanls a Utile for the reception of round-bottonMI 
vewela : on this gauze, flasks, retorts and porcelsi 
dishes ftre usually supported. In a few cases, in whid 
a very gradual and equable heat is required, the t 
gauze is replaced by a small, shallow pan, beaten out of aheet-i 
and filled with dry sand. This arrangement is called a nnd-l 
With the aid of annealed iron wire, the iron-stand niuy be n 
availrtble for supporting tubes over the lamp. Crucibles, or 
tix> smiill for the smnllest rin;; belonging to the sbind, are 




Ttnientlj topported on on equilateral triangle made of tliree piec 

of soft iron wire twisted tt^thw «t the apices ; this ti'iangle is laiil om^. I 

one of the rings of the stand. An iron tripod — 

tliBt is, a Kout ring anppoTted tin three leg» — may 

attta be nsed instead of the stand above descriljed, 

but it V) Dol so generally useful because of the 

difficulty of adjusting it at various heights ; with a 

Bufficieacy of wooden block* wherewith to mise 

the Ump or the tripod as ocaisioii may requin?, 

it may be made available. 

U, Fnenmatia Trough —The pneumatic trough ia a contri- 
'vance which enables us Ui wiUett and confine gases in suitable vessels, 
and to decant them from one vessel to another. Iw efficiency depend*- 
on the pressure of the atmoepbere, which as we know is capable of 
■Qppotting a column of water 10.33 metres long or a column of met- 
ouiy 76 0. m. long, provided that the lifjuid coloiim be bo arranged that 
&6 atmospheric presBure shall be fully felt upon the foot of the column, j 
but not at all upon its head. If a tube, closed at one end and open j 
« the other, and of any length less than 10.33 ra.. be completely fllloct 
vi& water, and then inverted so that its open end shall dip heneutia 
some water held in a basin or saucer, the tube will remain full of 
miter when the thumb or cork, which closed the open end while the 
bversion was eflected, h withdrawn. Whut is true of a tulie it 
equally true of a bell, or other vessel closed at one end, of any dium©. 
ter or shape, provided its height be not greater than 10.33 m. ; uiihI 
the principle which applies to water ia equally apjilicable to mercury, 
•xcept that the height of the mercury column, which the averogo 
atmospheric pressure can hold up, is only 76 c. m., because mercuiy 
is 13.096 times heavier than water. If a few bubbles of any ga« 
insoluble in water should be delivered beneath the open end of a 
tube tJius standing full of water in apparent defiance of gravitation, 
' the g*a would rise to the top of the tube, by virtue of being lighter than 
.the water, and the exact volume of wat^r displaced by the gas, emoU 
or large, would drop into the basin or saucer, beneath. If the gas were 
thus delivered continuoualy Iwneath the tnbe or bell, we should finally 
iget the tube full of gas, without admixtuTe of oir, and swiled at the 
bottom by the water in the basin or saucer. If mercury were the 
liquid, the operation would be precisely the same, except as regottLi 
the height of the tube. Even this difference of possible height is not 
noticeable in practice, because bell-glasses and bottles more than 



mAj am Iw uaed, and the veil of the trouj^h eboald be icoopsd 4nit 
but B little laiger than thi! 1*11 or cylinder eelected, with its piin^- 
pal iluoenBi^a horiwmtal, uiJ iu Ixittuiii uurveil to fit the cylindrical 
bell which U to b« laid in it ; the i^Ldf, too, should have bnt a anuU 
area, aufficient only for four or five belb of 3 or 4 c in. diameter. 

la luing a pneumatic trough, of Buy construction or dimensiooB, 
the student should be on Lis guard a^iust two diflicuItieH of possible 
occumujce, — agaiust the tvcktitg back of the liquid in the trough into 
the gas-geneiating appamtus, uud against the lenkuge eonietimes in- 
duced by the pressure created by thrusting the gae-delivery-tube deep 
under water or nicrcury. The first of tbcM ditfiuulties is the tunat 
serious. When the flow of gas frout a heated Qaak or tube is ewtdenly 
arrested, in consequence ot some reduction of tentperoture, or from 
any other cause, it often happens that the volume of gaa in the gen- 
erating appoiatua contracts, and the cold water or mercury from the 
trough rises in the deliveiy-tube to fill the void ; if the coutraction ia 
to coQsideiahle as to suffer the cold liquid to penetrate into the hot 
flaalt or tube, an explosion almost inevitably unsues, which ftactuies 
'he appaiatna, if it does no worse damage In collecting over water 
a gaa somewhat soluble in that liquid, this danger is especially inuni- 
uent. The occurrence of such accidents may be effectnaUy guarded 
against by paying attention to the following directions ; (1.) When- 
ever it is proposed to step an evolution of gas which has been going 
on iwim a hot flask or tube, withdraw the delivery-tube from iha 
n-ater before extinguishing the lamp, and shake oil' from the bent eni 
of the tube the drops of water which ai'e apt to adhere to it ; the lamp 
may then be safely put out, for air can enter the apparatus through 
the open tube. (2.) When the flow of gas from a hot apparatus is 
observed to slacken, watch closely the escape of the gas from the 
flelivery-tuhe, and as soon as any tendency to reflux of water ii 
detected, lift the delivery-tube quickly ont of the water, or, better, slip 
off the caoutchouc connector, which should always be found between 
the nask aud the water-pan on every such piece of apparatus ; if there 
be no connector, the cork must be loosened in the neck uf the il 
Air will thus be admitted to the hot flask or lube. 

These precautions apply more particularly to the cases where g 
IS evolved from dry materials, as in making OKVgen or nitioos oud^jl. 
when a liquid is wmtiuned in the giuiemtuig flask, a safety-tube («» < 
Z^B- 2t)) is a gjirg protection against the danger of socking back. 
A he atiaospiiejio ptesauie can force air into a flask, in which a partial 
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mm has been created, thiwigh the wfetj-hibe, by lifting snU dis-' 
bMUiig a eolumu of the liquiil whose height is the length of that 
brtion of the safety-tulio which dips beneiith the lic|Tuil, Unleus the 
lijaid in the flask be eKtreordinarily deuse, the force required to do 
mash leas tlun that required to liit a column of water 
ifaose height in deturmined hy the elevatitm of the highest point of 
be delivei^-tube above the level of the water in the pan. 
■When the gas coming from the geiierating flask has to force out 
id keep out of the delivery-tube a column of water measured from 
e loweat poiut of the tube to the surface of the water in the pan, a 
enure determined by the height of this column ia eatablished upon 
einteiiorof the flask nnd upon every joint of the apparatus. Henca 
lapparatus will sometimes leak, and refuse to deliver gas at the de- 
led point, when ita delivery-tube ia deeply imineraed, while it does 
it leak if the tube merely dip beneath the surface of the water. With 
nercury the pressure of a few centimetres ia very i-oiisiderable, on 
Kount of the high apetifk gravity ^'^ !"ti- 

~ the fluid, BO that this difficulty ia 
ire likely to occur with this metal 
m with water. Tight joints pre- 
Bt the ocdurreuce of this difficulty. 
k-pttrUal remedy is to dip the de- 
Kr^-tube on little as poesible belovr 
e surface of the fluid in the trough. 
U OaA^aldera. — A email gas- 
dder, very convenient for many 
KB, ia made from a couunon glass 
ifetle in the following momier : A 
fit;. XXI) is a bottle of 4 to 6 ' 
1^' capacity ; through the cork ia 
neck pass twa glass tubes (No. 6X 
ivhicb one reaches the liottom of 
i bottle, while the otlier merely 
:es the cork ; with the outer 
of the first tube a caoutchouc 
: e ia connecte<l, with the outer 
of the second a common gas- _ 

o. The bottle being first completely filled with water, the ap- 
tus which generatea, or contains the gas to bo introduced into the 
[Jiha is connected with the tube currying the cock a,; this cook is 




■ flfi«iL As the gas preweB in, the water mounte in the long tube, snd 
flow» out liy the (djihon e. In order to relieve tie gas Eroiu this ]iiffl- 
■urf at the beginning, it b only neceaaary to suck; a lillie at e. TL( 
tub« f Bhoulii o( i-ourse be thrust into a. sink or drum-pipe. 

To get goB ont of the bottle, thiu uharged, the cock a is doaed, iai 
the flexible tube e ia lifted up and connected, bb shown in tbe figuK, 
with a. bottle of water B placed on a shelf, or stand, somewtuit ulxive 
the botttu A. When the cock b is opened, the gas in j1 ia pn^tseil 
upon by the weight of the auperincinnbent column of water, and may 
therefore be made to issue at will &om the cock a. The higher B is 
placed above A, the greater will be the force with which ttie gas will 
issue. If B moderate, or easily reguJated water-presaoTe is at hoiul, 
supplied by city water-worke or a reservoir in the upper part of the 
buildii^, the bottle B is imDecessary, and the flexible tube c uiay be 
connected with such a water-supply, whenever gaa is to b« pressed 
out of the gas-holder, A. 
When larger quantities of gas are to be stored for use, a metallic 
Fra, xxn, gas-holder, whose construction and propor- 

tions are shown in Fig. XXII, is advan- 
tageously employed. The open cistern B 
is supported over the vessel A on two coJ- 
ums c, e, and two tubes a and 6 ; of these 
tubes, the first, a, reaches from the bottom 
of B nearly to the bottom of A, while the 
second, 6, starts from the bottom of B and 
just enters the arched top of A wilhont 
"■ projecting into it ; (i ia a short, large tube, 
8lo])ing upwards and outwards, and capable 
of being tightly closed with a cork or caout- 
chouc stopper ; 3 is a glass gauge to show 
the height of the water in the vessel A ; 
e is the discharge-pipe. To fill the pis- 
Lolder with water, close d, open the stop- 
cocks a, 6, and «, and pour water into the 
cistern B ; the water entering A will expel 
the air through b and t ; when the W«l«r 
o How through e, close that stop-cock and expel the rest of the 
air through 6. The gas-holder may now be filled mth gas by dis{J»- h 
cing the water in the following manner ; — Close all the stop-i 
withdraw the cork or stopper from rf, and introduce the tube w 





The rtopoM^ « wed Mt a4 

vtetiBiw^Abfeam^Ammt. ** a."-, m,, — , ,^ ^ ^7" ** 

gH in Dm boUw *cnna OK at i^ N tf OMm fi»bed li|y ««^^^^ K 
of fi ■!««« ^ wUA MM alnn be IMMknte. Wie^f^ **«*l»« 
piwwneiid tMMlil e, — MgtttiDgtheaaT^iyJnigeK '***r»»=^^*"*W 
tartaamfLe,*titaxiaw^a-cabama m^ be ofattiBed by om^** ^***** 
taUtnbewilfaac^Moai&mHlaBtaporitmtotlietiibe. ,_'**^ * 
apimiala the bottom lit tbttutttmR A piece of ""*u«»„^ ^henj it 
copper gnft-pipe, sbool * metn Icm^ mswas this poipog^ ^ ''"'' "«■ 
tliefui»elMU»etopBhooldhoUtwoorthreeliInes,«nl n»»j^j ^ **■" ; 
foil of water from a cask or tub proTided with a cork and «>1^^ . *<^;>t 
above the fmuieL Where a waler-snpply, with moJeralu jn^,^ •"'*• 
obtainable, it may be used to keep the funnel full, or to tvttl '"^^ '* ■ 
fannel altogether, if directly connected with the tube o, , '^ ■ 
bolder, meaauring not more than 50 c iii. in total heifjlit, (^ _ «■**• 
heavy to be portable, and during the prouesa of fillii^ iiiny \^ > ^' ' 
a a tnh ; but a gas-holder of much larger proportiiiug j^ ■ ] 

a fixture, and provided in a permanent mnnner with dniin. I 
ater-Bnpply. The gaa-holder thua destribetl is thut whiuh la tl " 
OBt generally useful ; it may be churgeii from nliy K^iue fliwli_ f^,. '' 
r bottle, without any pressure being exerted upon tlui kIhim voum,] 
d nnuaed gas Dontained in any sort of bell, lioltlo, ur iltmk. ijui 1 ' 
y readily transferred to such a gaa-holder without wiwU' uiid will 
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toMtrt, bBpropwly called gasomiUtrt, uaed in gas-worka. Fig. XSlll 
■rrjj, represents n gas-liolder tit this sort. Ovar a 

lank of water, whitU may be a cylinder o( 
rinc, aa shown in the figure, or a headliai 
pork- or oil-barrel, or any olUer water-ti^ 
tub, is balancKi! by pulleys and wei^liW ■ 
ti^t bell of rind, not loo large for complete 
immersion in the tank. The U-lube, aha« 
in the tigure, which may be either of lead oc 
faiara, serres both to introduce and deliver tbt 
gas. To fill such a gaaoraeter, open the couh^ 
lift the couiiteibulancing weight, and let Um 
bell sink into the water ; then connect tbi 
vessel from whith the gas is delivered wili 
the lube of the holder, counterpoise the bellj 
and the gas comii^ from the generator will 
gradually lift the bell from out the w 
To force the gas out of the holder it is onljf 
neceasary to remove the couuterbalancdng 
weight ; the weight of the bell fotvea out the pte, and if this presnn^ 
be not sul&cieiit, additional weigiita may be placed on the top of t) 
bell. Uaa-holders of this construction, unless very amall, are ti 
heavy, when filled with water, to be carried about ; but this difficulty 
may be obviated, when economy ia not specially to be regarded, by 
placing within the lower cylinder, or tank, a second air-tight eylind 
as a core, bo as to leave only a narrow space between the inner and 
outer cylinders for the water into which the upper bell dips. Ellefpll^ 
but not cheap, gas-holders are thus made, which are convenient fH 
some uses, but are not so generally to be recmnmended as those of tbj 
construction first described. The veasel from which a gas-holder widi 
connterpoiaed hell is charged is ahvays subjected to some preeai 
•light if the pulleys, cords and weights are in perfect order, hut n 
fi-eqiientiy cousidemhle on aooonnt of the difficulty of inainlainu| 
anch an apparatus in perfect condition. 

13, Deflagrating Spoon. —The little cup which holds eon 
bustible material, to be burnt iti a bottle or jar of giu>, ia called 
defl^i[rating spoon ; it may he cheaply made by hollowing a hem 
•pherical cup out of a cube of chalk about 2 e. ra. on a side, n 
attaching a stout iron or braas wire to the chalk, in such a manw 
that the cop will be right aide up when hung by the wire in a jl 
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the pbcsBBfc 'ffMPf ^1 lit- wanusOA'^us. i\ is- ys-.zi.iisr i^:*rr-. 
mmT be rifnif vr imlinir x jl <Biiier szt'i: t ^iLj-cnr-z::!! icxi- 
fnflig ifce ae&L """-i""™- uf nmnxii ':F >i«ieiiinL infUL z. or i*^ ^^^^ 
ing it with iae aniL **rm-?^53i *? T xmi ^rili-Tr.r^-^rms i:isr$4. 
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finely diTirirf "otDi fr>m. i jn-nrL Tzt* fjr-s: isrr "t»*^ 21*5* :c '^^^^ ^ 
clnthf tow, €cc:c v'jbrta. cut n3»?r ¥:iL':sazj:«. Pir^? 2* i':i-< /^v 
Btance ofteiK^ !2erL A rr.^r f!i5rfzc T'It^st ziiac 'j* r»:ir:c< ^^ -^ j^ 
to filter lapwQr. jm 7*!: frriii^K^^T :I.:nir is T^ir:?^ to r»?CA£»- oL 
finest powiden : «ari is srzsc tl^ V *crrc;r e&TGzi » lw»r, v^«^ ^^, 
the piesnire of the larpii wifii ^1^ ci^ rti^zr*! "urcn it. 

Filtering paper i« crjocarTi'T srXj zn *l*)ec«b wbicb may Iv o;u \rt' ^ 
eiides of any Ansml dicn«ej« for xise, acc»"»:^iins; to th^ ^"nHv^n^ 
scales of operation and q^iacsfn^j* of liquid? to K? fiUer^l, or ivwK- 
ages of ** cut-filters • may be pxocored ready-made fiv»m th<» \U\ilorA 
in chemical ware. 

There are two ready methods of preparing filter? for ushv Aoxs\»>| 
ing to the first method, shown in Fig. XXIV, a oin^h* of |v*)H^r ^^ 
folded over on its own diameter, and the semidn^lo t)|^|^ ol^ijuu^sl 
is doubled once upon itself into the form of a qn«dn«»t ; t)u» \m\\<^x \ \\\\^ 
folded is opened so that three thicknef^ses shall conio \\\\^\\\ \\\\\\ m(^|,^ 
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as Aawtk in the 
ofB^XUV ; tfe filler 18 tiien placed 
tfte a^glecf wUdi akoold \m pie- 
. . V ▼ia^ eOl^ Tke 
loidBii as to fit m fimnel idioie 
60^, but lh» k the 
and finiiids should be 
to Aeir ccneciiieBB in this 
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fitai% the cirde of paper is 
» the final of a eemiciide, and 
istanwd dowH on each 
■udides IS then folded 
in the lower half of Fig. 
without distmbii^ the 
AeliinneL flltratioii 
wiA this kind of filter, for 
open passages between the 
thns facilitate the passage 
pomon of the circle oi paper 
It be fiildfid np in order to give 
^ Ki(Qaafie eonssii &na to a pnper filter retards 
of ftitih^ but h^ps it in the second. 
Coarse and rapid fiK Pte. XZTIL 
Seria^ can be effected 
with doch bags; also 
br pli^ng^ the neck 
of a fimnd looeelj 
wildL tow or cotton. If 
or very 
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liqnidy which 
wooki destioT pnper, 
oxtuiu tow oar wool, 
i$ (o be filtered, tfa 
b«6t substances wherewith to plug 
the neck of the fimnel are asbestos 
and gun-cotton, neither of which is 
attacked bjr such corrosive liquids. 
^>a^ jcl*J^ ftmnel wbicb holds the filter generally requires an inde- 
jviKWm .<uj.|K«t^ for it is seMom jodicious, or ^joesibie, to support 



» liqaid tiiatii mne titrtnt^i^ the fiHiw n otll^^ 
(Fi^ SVIl) mii;r ^ used idr lius imrjH^ : ua -< 
mted iu Fie- XXVI. lukpted e 
^ C(iim*€33>^sft And noi eacpHiiBTi^ 
be taba tlntt Cbe lower end of t^ ftum^ 
iff the naaci inb> irliidli xfae fifaimte dcaceads. 

BOt bn IB dxTTpH. fenlrim qmeiiy itrwa , ^ 
a^re is no objectioii to thmstinn a fanu^.! 
'neck gf a bottle or flask, tmK in tkit case an aB);d« 
ia the bottle mnst be prcTviaed (Fig. XiVU). 

16. Drying Oases. -^ It is oAen desinthle to 
yapor which is mixed -with gmaes collected 
I from, niataiaU coatainiiig '■rater. It ray seMniti K^^.^ 
can ba prepared M one operation in so dir a siaC« * •^"^ 
iTapotof water ; this vapor most onlimnly he Tenjf-.^ 
qumt or additianal procesB. Experience hag dioirii 
are mure easily dried than otheiB ; thns air, bTtiriv*—* 
' oiyg™ "e thoronglily dried with great ease, biit gaa, 
aDtoHme only with great difficulty ; chlorine is three 




dry Hs carbonic acid. Theae and similar facta n 
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Mnwtruoting drying apparatus. The common »l»-^i **")^ 
penda upon bringing the moist gas into contact wltl^^ "*» p(, 
Bolid which greedily and rapidly abaorbs nijugous ^^.Y^fc,^'"* J 
wibBtancea most used for thia purpose lire con .™.t.^.i^*'- Tt 
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used for thia puzposeHTe concentrate" "'■■ Th 
calcmm chloride and dry quicklime. SiUpj^ j^ a^j^ '''''Hfl 
in two ways : thegas may be niaile ** Itoj. i^ 

to bubble throngb a few conti- — '^'^ — 

tneti'es' depth of the liquid acid, 
or it may be forced to pass through 
the interatieefl of a column of bro- 
ken pnmice.«tone which haa been 
previtraaly Eoaked in the aciil. The 
latter method ia the most effeetnal, 
Iwaose it securea a more thorough 
contAct of the gna with the hyt[ro- 

arid than ia possible during , 
Ibe rapid babbling of the light gas 
Ihnn^ a, shallow layer of the denao 
Sqtnd. The c»lnmn of fh^fmenta of pnmice-atone roav 
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U-tube, BTTUtgad like Uuit ahown in Fig. XXVIH ; but the Tertical 
cvlinder sliown tn the aame figure is belter adapted for this use, be- 
cniiNe the acitl, ns it becomes dilute from absorption of moisture, gnd- 
twlly Uii.'Ue» from the puiiiice-stotie, uid is apt to collect in bucIi quan- 
tity at the botUnn of the U-tube as to uompletely close the tube. In 
preparing the upright cjlinder for use, the portion, below the coiitrac- 
tion is not tilled with pumioe-Btone ; it receives the drippiutjsfrom the 
pumice-stone colimui. The gus to be dried enters by the lower lateral 
oi^ning, and goes out at the lup cf the cflinder. Though eepedall; 
niUpled to the column of auid-soaked pumice-stone, this cylinder nuy 
very well be uae<l with either ol the other drying agents, caHuni, 
chloride or iitticklime. Either of the forms of dij'ing-tube represented 
ill Fig. XXVIU may be employed with these latter substances ; iu 
charging the horizontal tubes, bits of loose cotton-wool should first be 
placed against the exit-tube to prevent any particles of the calcium 
chloride, or qnicklime, from entering that tube ; pieces of the 
perfectly dry solid are then introduced in such a way that the tube 
may be compactly filled with fragments which leave room for the gas 
U) )>«ss very deviously between them, but offer no direct charnieU 
through which the gas could find straight and quick passage. Quick- 
lime must be charged much more loosely than calcium chloride, 
because of its great expansion when moistened. Fusetl calciom 
chloride is not so well adapted for drying gases as the unfiised sub- 
stance. It is not at all necessary that the fragments of calcium 
chloride, or quicklime, should bo of uniform sire. When the tube is 
nearly full, a plug of loose cotton should be inserted before putting 
in the cork. A calcinm chloride tube, once filled, will often serve 
for many experiments ; whenever out of use, its outlets should he 
covered with paper copa ; or, better, caoutchouc connertors may lie 
slipped upon the exit-tubes, and hits of glass rod thrust into thiwe 
connectors. The moisture of the air is thus kept from the calduin 
chloride. The dimensions of diying-tnlics are of courae very ^^9 
rious ; the bulb-tube shown in Fig. XXVIII is seldom tised tritl^H 
greater length than £6 c. m. ; when this form of tube U employed d^| 
gas should invariably enter by the end without a cork, where tl^H 
small size of the tube permits direct connection with a common gi^| 
tieli very-tube by means of a caoutchouc connector ; the other bai^| 
7ontal tube, shown in the fi^Lire, may be of any length. Ifut whcnuil^l 
a great extent of dryii^ surface is necessary, U-tubes have the ttdvi^H 
tnge of compadness, for many can be hang npnn one short &BiBi^| 
ibeupri^tcfUaiavag bctemafrc. in. taWcm. mhu^tL ^H 
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|r7 be equally expoaeil to the flame. A tli«p of water o 

ide of the tube keeps one spot cooler than the rest. The tube 

fteaks, because its parts, beiug unequally heated, expand uneiiually, 

d. tear upart 

( la heating glass and porcelain vessels of whatever form, the tem-- 
nrstnia miut not be raltjed too rapidly. When a large flask or 
jtining a cold liquid is flrat warmed tiver a lamp, moisture 
aiost invariably coudensea upon the bottom of tile viMael : thia 
Kiieture should be wiped off with u doth. 

Duical glasses with strong stems and feet are convenient f^^ 
i not involving the application of heat. They are called 
Itt-glaases, and may be had of vaiious ehaj)es and sizes. It 
i that cheap wine- or beet-glasses and common jelly-tumblei 
answer the purposes which these test-glasses serve. 
iGFor the collection of gases at the pneumatic trough, and for many 
"jer purpogea, ordinary green glass " packing-bottles " may take the 
ice iif more expensive apparatus. The atualler sizes may be con- 
niently used iuBteod of beakers and test-glasses, but the bottles can- 
t be uaed for the healing of liquids. 

,30. Pipettes. — Pipettes are tubes drawn to a point and some' 
% furnished with a bulb or a cylindrical enlargement. Thev are 
tiefiy uaed to suck small quantities of fluid out of a 
Msel without disturbing tlie bulk of the liquid. Fig. 
;XJUI represents three fonna of piijette ; the form with 
p lower end bent upwards ia used to introduce liquids 
to a bell or bottle of gas standing over mercury. 
^ttes graduated into cubic centimetres, or holding a. 
1 number of cubic centimetres when filled to a 
nik on the stem, are often winvenient. 
;iIea8uring-gIasBeB, divided into cubic centimetres, are 
■ 1 the cyUndrical form and also in the flaring 
immou m druggists' measuring-glasses ; the cyiindrica) form 
, to be preferred. Such a glass of 250 c. c, or better of 500 c c. 
pacity, ia a very useful implement : flasks holding 1 litre, BOO c, a, 
"'1 c c, when filled to a mark on the neck, are also conve- 

Porcelaiii Diabes and Cniciblei. — Open dishea, which 
|1I Ijear heut without cracking, are neciessary iuiplementa in the 
wratoty for conducting the evaporation of liquids. The best evap- 
Iting-dishea are those mode of Berlin porcelain, glazed both inaide 
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■nd out, ami proviiled with a little Up projecting beyood the 
The di«hei< maJJe of Unseen pnrc«kiii are not glaxed on the oalHile, 
and ar» not ^u durable oa those of Berlin numufiicture ; but they arz 
much cheaper, ami with proper c&tw last a long time. The small 
Berlin dishes will genemUy liear an evaporation to dryness on tlie 
wire-gaiue over the open Q«me of the gas-lamp ; the Meissen diihes 
do not so well endure this severe treatment. Evaporatin^-Jiahcs ace 
made (J all diameters from 3 c m. to 45 c. ui. ; they should l;e 
ordered b; specifymg the diameter desired. The loi^ sizes aie 
expeiiBive, and not very durable ; they should never be n^ed except 
on a Gsnd-bath. Dishes of German earthenware are as good aa pane- 
lain for niany uses, and are much to be recommended in place of the 
Fra xxxm Ibi^ sizes of pon;elaiQ dishes. 

^ Deep portelain dishus prorided with haodlea 

V~~v*'"Tl. — !■ (called auierola) are very useful in heating liquida J 

^ which have a tendency to froth (see Ilzpa. m anliJ 

U.3), and may be obtained of various sizes. M 

Very thin, highly glazed porcelain crucibles with glazed i miiiiBM 
are made both at Berlin and at Meissen, near Dresden ; they avl 
indispensable implements to the chemist. In general, the Meinen'^ 
crucibles are thinner than the Berlin, but the Berlin crucibles are ' 
somewhat less liable to crack ; both kinds are glazed inside and out, 
escept on the outside of the bottouL Crucibles should be ordered bv 
specifying the diameters of the sizes desired j they are to be had of 
nearly a dozen different sizes, with diameters varying from Ben 
9 c m. The smallest and largest sizes ore little used ; for i 
purposes the best sizes are those between 3 c. m. and 5 c 
diameter. As the covers are much less liable to be broken than tlie 
crucibles, it is advantageous to buy more crucibles than covers, when- 
ever it is possible so to do. Porcelain crucibles are supported over 
the lamp on an iron-wire triangle ; they must always be grailually 
heated, and never brought suddenly in contact with auycold si 
while they are hot. 

22. Ringa to Support ronad-bottomed V«bb^s. - 
often necessary to support globes, rnnnd-liottomed flasks, evaporating 
dishes, and rouud receivers in a stable manner upon the table or other 
flat snrrace. Fur this purpose rings are used, made of braided stmw, 
or of straw wound about a core of straw, or of tin wound with lift- 
ing or coarae woollen cloth. The material of which these rings ana 
made, or with which they are tuvered, ought to be a subetance wbidiV 
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nst oondnet beat well, because one of the chief ua^& 

hot vessels just removed from the lamp or &__^ 
tliah would almost certainly be broken, if j^^ 
'.old Burfnce of a good conductor of Leat^ 
never touch a hot vesael with cold water, or brbw, _ 

ith o surikoe of marble, irou, copper, or othep *-*^ i.:^^^ 

33. CrncsIl>le«F Ptiniaoe*, Tongs and Iror*. ^^^ 

graJiuIateil Kiac on a considerable scale an,^ "^*^ton _ 

. the cbeaptsst crucibles, and those which are int^j^ fvir offie, 
pwn aa Hessian crucibles. These Hessian cruc;i\ **®**^rare 
containing from 3 to 10 crucibles ; there A*-,^ *^ are sq/, 
vary from 3 to 25 c. m- in heighL They generiilly i-^ *** ai^^a, u-i 
form,andwill witbstand a veiy high temperature, ij- ^j^'e a Inwj 
betoM being put ia ^^^ ^^ ^hey are not sold, -,^.'*'-T ai« warii 
covers may be bought separately, or a triangular -j-^- *tli TOvere j j 
may be very conveniently used as a cover. Cr-v»^ .^"^^ of sonj^to 
■naed for the fusion and reduction of metals, but th*5;^,*-''<« ire tnaia 
oheinical compounds which can only be preparetj ^ are aJao ,y^ 
temperatures which by the use of crucibles we are i^-^^ ^^e verj- j,| 
AlOwogh crucibiea often withstand the moat Sjji^ "*'^ "« fioounai^ 
tempemture, it is, nevertheless, eipedient as a geUe*^, " <=^ftnges ^4 
a. orudble gradually, and U> previously wanu a i^liai^ '■"'« ^o ieat „ 
placed in a crucible already hot. If a cold cruci^, |^^ *hicJi is to ff 
dueedinto a fire, it should fiist be placed in the Coj^ '^ to ba ;„tj^ 
ifiieand gradually brought into the hottest part. ^' part of f.j^ 

For heating these crucibles an anthracite or coke jj^.^ . 
cylinder stove will in most cases suffice. The chafin ^.*° "'"^Oaiy. 
portable stove, such as is used by plumbers, for ^^^.Tanf -^ °'' '^poa Y 
Tenient for operations which reqmre leas heat. The dat'^ ^^^ '=on- f 
open furnaces are better than the iron ones, beoaua,^ ;, "^^^^ Used ' 
-better. ^ "^'^ ^old ^ * 



Kheatbc 
■ Chai 
^■{xmimi 



Charcoal is the fuel used in these open fires. A very uh f 

iniment to these portable furnaces is a piece of Btraijdit '"^Ui- 

ibont 60 c m. long and 10 o. m. wide, and flarine out be]^'"''*:^'''^' 



contrivance powerfully increiases the draught, and ia nggj f^^' "^^ 
fire during kindling, or to intensify it while a fusion is " ""^^ '^® 
"Tth a furnace of this description there is no diJflculty i^t^'^^'"'^ 
■■ crucible white-hot for a short time. "eepjng ^ 
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II jMwcelftin craciblea btb bandied, when hot, V "**" 
rw. xxxiT. of small steel or iron tongs, such aa sre 

repteaenWd m Fig. XXXIV, or by means 
of snuill steel pincers, sucli as are used by 
Jewellers. Laiger cnicibles are handled by means of tonga of vsnons 

" shapes and sizea, according to 

the weight Mid iiuture of the 

vesaelstobelifted. Fig. XXXV 

represents two good ' 

stout iron tonga for lifting large 

cniciblea out of a coal fire. Thtf 

manner of using them is readilj* 

nnderatood from the figurt 

A retort, matte of iron, of the form shown in Fig. XXXVI, ia ■ 

very convenient tool in making large quantities of ojtygen, and il 

Pro. XXXTI. preparing ill uminuling-gns or marah-gaK 

The iron top is fitted to the retort wifll 

a ground joint fastened by a screw 

clamp. When the top 

the whole inner surface of the retort fi 

exposed, — a decided advantage ■> 

ever the resiilue left in the retort after 

nse ia solid. A retort of about 300 c. 

capacity is amply largo for most ns 

A small iron kettle luakei' a serviceable retort ; the Hd must be lutfli 

on, and the nose becomes ihe exit-tube. 

24. Mortars. — Iron, porcelain and agate mortars ore used 1 
chemists to reduce solids to powder. An iron mortar is nsehil fi 
Doarse work, and for effecting the first rough breaking up of sal 
stances wliich are snbBeiinently powdered in the porcelain 
mortar. If there be any risk of fn^Tneiita being thrown ont of tl 
mortar, it should be covered with a cloth or piece of stiff papa 
having a hole in the middle through which the pestle may be ^ 
Pieow of slone, minerals and lumps of brittle metals may be safell 
broken into fragments suitable for the mortar by ^Tapping them i 
etrong paper, laying them so enclosed upon a 
them with a heavy hammer. The paper envelope retains the broke 
particles, which might olherwine fly about in a dangerous manner, an 
be lost. 

The best porcelain mortars are those known >)y the name of Wed 




(^re,bul there are many cheapor sulwdV,,. „ , , 

tola will not Lear sharp and heavy blow.- t,,''^ Porcelain 
for gnnJing and tnturtition thnii for "Omnieriarr . .1 
either be formed of one pietie of poivelnin, op n " P***»t.l( 

cemenlcd to a wooden, hajitlle ; the latter is tije Jesa 1 ' i i ^''"''^ 
pestle. Ungkued porcelain mortara are to be pivferre J. " ^"1 

niMtaM, the following points should be atteiulisj to. \ ^ " '*^'' 

shonW not be poroiis ; it ought not to absorb st^rvj, ** ^'**^ " 
colored fluid, even if sucli HquiOa be allowed to Btainl ^y.*^*^^ '" 
mortal ; ad, it shoulii be very hard, and it-t peslle sl^^ "oura i 
Mine hanbeas ; 3d, it shoviUl be sound ; 4th, it sliom^ *■?■'* bo o 
the eoBVenienoe of pouring out li(i\iida and fine i>"w,l^ '^ave a Ji 
porcelain mortars will not endure sudden ubniigej, ,-^,,' -A-s ^ 
Thej may he cleaned by nibbing in them a litUe wiu^ '^"imi>emi 

or Bulphuric auid, or, if acids are not arpropriute, in c*^..^ ^I^ed i^ „ 

Agate mortara are only intended for trituration - ^^l-ic aoJa. 
break them. They are exceedhigly hard, and 'nijie^^^ ^lo'v y,„ 
material is so predoua oJ^d so hard to work, that a.t»^'**^*^«'jle. ' 
always small. The pestlea are generally inconvenj^ ** 'Uoitn;^ 
difficulty which may be remedied by fitting the Of^x^ * ">" short, ~ 
wooden handle. I*e8tle into 

In all grinding operations in mortars, whether of poj-^^ 
it ia expedient to put only a small quantity of the «,"^*"'" <"■ agat 
powdered into the mortar at once. The operation oF -^-^ ^^^nce to |, 
be facilitated by sitting the matter as fast aa it is powde^^'^^'^ertng ^pj. 
the mortar the purtiKles which are loo lar^-e to pass tl,j, ' ^tar„;„ 

25. Spatnlse. — For transferring substances in ^'Sfi t/ie aie\r„ 

amall grains or crystals, from one vessel to anotli^^° '*'*''*'', oj- ,-„* 
Bcoops made of horn or hone are convenient tools, * '^P^tul» ^^ . 
paper-knife makes a good s]mtula for laboratory ^^ *^afse bnng 
from glaze and enamel, are excellent snlwritntes for sr,^,' '^c, free 



26. TliermomatoiB. ^ Thynnomotera intemleil 






L 



st liave no metal, and no wood or other orgiiaj^ ^ "^Ou'caJ u^ 

iheir outer surfai^s ; their eriemal surCiues must he ,yi "'^nal op^jj 
The beat thermometers are Btmi^'ht glass tubes, of Unifo-n ^ ^''fi'Iaaa 
*ith cylindrical inateail of Bpherical bulbs, and haviorj ,l ^'"^ter, 
^yed upon the glass; such instruments can be pna.*!*^^^"- 
through a cork, and are free from many liabilities to enj: ^^^^'t 
tbermometera with paper or metal scales are always ^^"h 

cheaper kind of thermometer. Laving a paper scale eaclosld'^'*'' "* 
iffor^ope, will auawer for moat expuiukeota. ° '■'^ 






AFFMSmX. 



Cubic Metm 

(KIKSti* ^ «l001 ^ 0.000,001 «s Ic^loeoentiiiMfcie. 

\C«3iniicz« » OlOI = 0.000,01 

(D^ieOiire = «.l » OlOOO,1 

Unit . . Lams = L = 0.001- =» I cnMe dednatn. 

|I>M3lX£l« =10. == 0.01 

MvitariM . \ Hktoutix =r loa = 0.1 

(KiUitiv ^\JSfS»L » 1. « 1 cable meire. 

TIk t&ble of woghts Inns an JntiiiMtp lelatkm to this table of 
^{McitT. A5 ^ir^adj mentioBed, tiie weig)it of that die-sized cube, a 
coLk v.>%;iitimecre or aiilBfilre of distilled water (taken at 4^, its point 
of greater desmatr) con stituUs tiie metrical unit of weight This 
wvi^t is culled a grtMmwu, Yroai the Teij definition of the gramme, 
ami firoQL the table of c^pttdtj-measiiie, it is dear that a litre of dis- 
tilLed water at 4^ will w«^ 1,000 gnaiime& / 



. ^ 



WDGHTSl «/ 



(MiLLIGKAXMB = aOOl * 

Diviaioiis . \ CksnGKAXMB = 0.01 

iDBCIGBAMXS = ai 

Unic . GaA30U = Ir =: 1 cabic centimetre of water ftt4^ 

4 I>Ka^rsziiiiw = IOl 

Mvlsipls . \ Hectognmme = 100. 

tKiIognmnw = 1,000. = 1 cubic decimetre of water at 4^ 

The simpIkitT and directness of the relations between weights and 
Tolumes in the metrical system can now be more follj explained 
The chemist ordinarilv uses the gramme as his nnit- weight, and for 
his unit of Tolxime a cubic centimetre, which is the bulk of a gramme 
of water. For coarser wcvk, the kilogramme becomes the unit of 
wei^t« and the corresponding unit of measure is the litre, which is 
the balk of a kilogramme of water. In commercial dealings, in 
mana&ctonng processes, and above all in scientific investigations, 
these simple relations between weights and measures have been found 
to be an inestimaUe advantage. The numerical expressions for 
metrical weights and measures mav always be read as decimals. 
Thus 5.126 metres will be read five metres and one hundred and 
twenty -six thousandths, and not five metres, one decimetre, two cen- 
timetres and six millimetres. The expression 10.5 grammes is read 
ten and fi^-e-tenths grammes ; just as we say one hundred and five 
dollars, not ten eagles and fi\-e dollars ; or sixty-five cents, not six 
dimes and five centSL All computations under the metrical system 
Are iiiad# with decimals alone. 



ORDER-LIST OF CHEMICALS. 



The qaantities heie given are the quantities which one person will 
nse in performing the numhered experiments of this manual accord- 
ing to the directions. In ordering chemicals for a class of several 
students, a small reduction may he made upon the multiplied quantl' 
ties. Teachers can get some idea of the cost of these chemicals hy 
referring to the price lists of the '' Druggists' Circular^" published 
monthly at 36 Beekman Street, New York, price 13 cents. The 
names by which the substances are known in commerce are given in 
the following list ; such substances as sugar, starch, marble, 6^, 
do not appear in the list : — 



Alcohol 5 oz. 

Alum ^ oz. 

Ammonia-water {Aqua Am- 

monia) 6 oz. 

Ammonium chloride {sal 

ammoniac) . . . . 1 oz. 
Ammonium nitrate . . . ^ oz. 

Aniline a few drops 

Aniline red . . a small crystal 
Antimony, metallic . . 30 grains 
Arsenious acid ... 30 grains 
Barium chloride . . a few grains 

Benzol | oz. 

Bleaching-powder . . . 2 oz. 

Bone-black 3 oz. 

Bromine .... a few drops 
Calcium chloride . . . 1 j^ oz. 
Calcium sulphate (gyp- 
sum) .... a few grains 

Camphor iV ®^ 

Castor oil 3^ oz. 



Carbolic acid (crystallized) j^ oz. 
Carbon bisulphide Qnsul- 

phuret of carbon) . . . ^ oz. 
Chalk, powdered . . . ^ oz. 
Chlorhydric acid ... 1 lb. 

Cochineal 30 grains 

Copi)er (filings) . . . . 1^ oz. 
Copper oxide ... 30 grains 
Copper sulphate {blue 

vitriol) ^ .... 30 grains 

Ether 1 oz. 

Fluor-spar ..... ^ oz. 
Gold-leaf .... 1 sq. inch 

Gum-arabic |^ oz. 

Indigo 50 grains 

Iodine 10 grains 

Iron (filings) 1 oz. 

Iron sulphate {copperas) . J oz. 
Iron sulphide . . . . 1 oz, 
Lead acetate {sugar of lead) ^ oz 
Lead oxide {litharge) • . 2 oz 



ORDER-LIST OF CHEMICA LS. 



1, extract of 



16 grains 
30 grains 
4 inches 
leae, black oxide of 1 oz. 
[ercury chloride {corrosive 
rtiiimofa) . . , a few grains 
[eroiuy, led oxide of . , J oz, 

'itrio add 6 oz. 

itric acid (fuming) . . J oz. 

'itgalls Joz. 

aJic acid .... BO graina 

)1ioniH, 1 stick, 2^ inches long 

.... 30 grains 

scrap ... 10 grains 

^rtasBiiim, 8 piecee the size of a 

pea. 

'otaBaium bithmniate . . i oz. 

iium bromide . . 1 grain 

rinm clilorate . , . J oz. 

DtasBtum. cyanide . . 30 graina 

inm ferrocyanide (yel- 
Uw pnuaiaU of potash) J oz. 

hydrate {white 
eauttie potaik) . . . ^ oz. 
lium iodide . . . ^ oz. 
liam nitrate {ealf- 

pttre) 3 oz. 

loroe, red ... 15 grains 



Potaaaiujn pennang»**\ ® 8%^ 
Potasaium tartrate C^*''^f*^ 

of tartar) . . ■ ' - i 
Rosin .... - ■ ^O gTaj 
SheUac .... . -40 grsi 
SoOiom, 2 pieces tb® «^»e of 

Sodium acetate . • ■ ^ grwin 
Sodiiiru liiborate (frOT*^) ■ J oa 
Sodiuiti carbonate ■ • ■ i o* 
Sodium bydrat« {cawtic 

eoda.) ....... 1 **» 

Sodium silicate, strong 

solution (water-sidw) ■ 1 ***" 
Sodium sulphate (Glavbej's 

ealf) ....... 1 oz. 

Strontium nitrate . a few graii»" 

Salpliur, flowera of . . 1 "*- 

Sulpbir, roll brimstone 

Sulphuric acid . 

Tin binoxide 

Tarpentine, crude 

Turpentine, oil of 

Zinc, granulated o 

Zine filings (or dual) 

Zinc aheet, two atripa 

inches. 



4 oz. 

Hlbs. 

. IS grains 

]r scraps 2 ^^ 

iox, . 



ORDER-LIST OF UTEbfSILS. 

Thb following list includea the utensils which one person will need 
performing all the numbered experiments in thia manual. Tb 
Jncipal articles of steady consumption are glaas-tubing, retorta. 
sks, corks, caontcboac-connector and filter-paper. Many of tj,e 
ather articles, once obtained, last a long time. It ia evidently not n&. 
iry to provide all this apparatna for every member of a Iwge class. 
Wtorts, as many Woulffe-bottles, four 8oda-wat«r bottles, two or 
meaauring glasses, two mortars, two pipettes, one blast-lamp and 
Iowa, three or four pieces of platinum foil, two thermometerg, ong 



^^^^V OJtDEH-UST CT£:AS/±& ^^^^^M 


^imidmalt» mkI «M Mt «f ve^iu «in niffic«, if lUMd wJt&SKlhDi 


in B cl«sa et twentT er twcaMT-fire Btudenta. Mwiy of the ulidis 




fai tbe >«l, locliai can AMralt. tL^ priced catalagnies of Ui« dealett i 




n^fM.^tAtT.r^t.1)- 


3 WotOffie-botUes of about !»« 


1 rtkk «k»t sfi. iMg«r]!i« 1 


-apadtjr. 


a " - - - -a 


GiasR fluskB - J 


i - " - « » 3 


1 of H pinta' aqjacay. « 


i - * - - - 4 


1 of B OS. eapuity. A 


i - - " " - 5 


8 of 4 ot. capacity. 


2 - • - " "7 


2 of 8 OL capacity. 1 


1 - - - • - g 


1 thislle-tube. 


1 tube «bo*u 1 fatt toRg and 1 


1 soda-water bottle, stout. 


mdi in intenUl diameter. 


1 conical wine-glass. 


rif ^nidoD-tobN MD be bM^t 


6 le^t-tubea. 


tt»Aj nude, a donn «f them nw^ 


1 diying-tnbe. 


be boQ^t instep of <ne «kk of 


1 measuring-glass of 250 c ■ 


NoL 1 ud one stick cf Kol 3 tab- 


cafMoity gnd- tor every 10 w.i 


*"*] 




1 letat «€ 13 m. cajwcity with 




*—<««. 


centimetres. 




1 small pipette. 


with tubolnn. 


1 nest of 4 or 5 beakers, of wUA 


BottlM — 


the largest b of 250 0. e. c^ 


1 Kide-mmitfa bottle, i ffJloo. 


dty. 


1 " " "1 quart. 


2 or 3 bits of window-glaw, 


1 " " " Ipint 


inches aqnare. 


S - - " 8o«. 




S » « « 4^ 


1 about 4 inches diameter. 


S - " - Sot 




1 Btout i»nt bottle with tnoatli 


1 deep dish (App. § 41) n 


aboDt an incb Acmes, for I17- 


500 c c. capacity. 


irogea gaiCMtor. 


1 amall iron jnortar. 


[These bottlea nmy be of a 


1 Wedgewood mortar about 


reiT eomtnon qmlitf , euch aa are 




8oWM"p«4iiig"bomM.] 


1 Bunnell gas-lamp with blowppt 


Fnnnds— 


tube (or spirit-hunp where j 


I four incliBB in diameter. 


is not to be had.) 


1 two inches in diameter. 


1 ainall spirit-lamp. 



^^P^ INDEX. ^ 




Cor occurrence ; prep, for prepurftti 




oompoBition ; def. for definition. 


The nuiubera refer to ih 


the Roman iiumerala to the Appendii. 


Acetates, 153. 


Acid, gallo-tannic, 195. 


Acetic acid, 151. 


hypochloruus, 60. 
io.lic, 64. 


glacial, 153. 


prep, from wood, 152, 178. 


iodohydric, 64. 


from idcohol, 151. 


lauric, 169. 


Aoetio ether. 150. 


malic, 193. 


Acetylene, 175. 


manganic, 263. 


Acetylene series, 175. 


meconic, 196. 


Acid, acetic, 151. 


nitric, 39. 




oleic, 166. 


amhic, 188. 


oxalic, 192. 


arsenic, 105. 


palmitic, 168. 


aisenioufl, 104. 


pectic, 189. 


benzoic, 175. 


pectOBic, 189. 




phenic, 170. 


broniic, 62. 






picric. 171.' 


carbolic, 170. 


pj-rol igneous, 163. 


carbonic, 119. 


iiuerci-tannie, 195. 


^^ chlorhydric, 49-52. 


resioic, 190. 


^^^ chloric, 60. 


selenic, 86. 


^^B chromic, 262. 


Bilici(L205. 


^H dtric, 104. 


atamuc, 281. 


^^U cyanhydric, 136. 


stearic, 166. 


^^H feiri-cyanbydric, 225. 


Buccimo. 191. 


^^M feno-cyanhydric, 224. 




^^H flnorbydric, 66. 


sulphuric, 81. 


^H fluosilicic, 200. 


sulphurous, 78. 


^^V formic, 153. 


tannic. 194. ^ 


^M gallic, 196. 


tartaric, 19a ^H 



zMii 



iSDMX, 



Add, tri-nitro-pbflnie, 17L 
Add, meanings of the tenn, 
41-43. 

reaction, 40. 
Adda and baaee, lelatioii between, 
42. 

bases and salts, 41. 

vegetable, 191. 
Action of air and water on lead, 

249. 
Acrolein, 157. 
Air, a mixture, 38. 

analysis of^ 6^ 7. 

chemical {Oop. ol^ & 

comp. ^ 6-8b 

displacing o^ & 

not an element, 8. 

physical prop, of, & 

presence of, 4 

reaction with nitric oxides 
38. 

weight of, 5. 
Albumin, 201. 

veffetable, 201. 
Alcoho^ absolute^ 146L 

amyl, 148. 

di- atomic, tri- atomic, &c^ 
165. 

def. of term, 165. 

inflammability <rf, 127. 

methyl, 14a 

produced by fennentation, 
143. 

prop, of, 144. 

separation of by d is ti ll ation, 
145. 

uses of, 147. 
Alcohol-lamp flame, 126^ 
Alcohols, 148. 
Aldehyde, 152, 262. 
Ale, 182. 
Alizarin, 197. 
Alkali group, 240. 

metals, 240. 
Alkalies, 229. 
Alkaline reaction, 41. 
Alkaloids, organic, absorbed by 
charcoal, 118. 

vegetable, 196w 
Allotropism, 68. 



Alum, 260. 

in bread, 214 
Alum, ammonium^ 261. 
Alum-cake, 26a 
Alumina, 258. 
Aluminates, 259. 
Aluminum, abundance o^ 958. 

alloys of, 258. 

bronze, 258. 

hydrate, 259. 

combines with coloring 

matters, 259. 
used as a mordant^ 260. 

oxide, 258. 

prop, of, 258. 

silicates, 26L 

sulphate, 260. 
Amalgams, 279. 
Amber, 191. 

Amide, term defined, 168. 
Amine, term defined, 168. 
Ammonia, comp. oi^ 46L 

liquid, 45. 

occ. of, 47. 

physical prop, o^ 45. 

prep, of, 44. 

solubility in water, 45. 

sources of, 47. 
Ammoniacal liquor of gas-works, 

47. 
Ammonia-water, formula o^ 46w 

precipitates metallic hy- 
drates, 229. 

prep, of, 48. 

uses of^ 48. 
Ammonium, hypothetical, 49, 228. 

carbonates, 230. 

chloride, 229. 

hvdrate, 22a 

mtrate, 230. 

decomposition of^ 31. 
prep, of, 46. 

sulphate, 230. 

sulphides, 231. 

sulphydrate, 231. 
Ammonium-salts, prop, of, 47. 

source of, 229. 

test for, 229. 
Ampere, law of, 89. 
Amygdalin, 174. 



^^^^^^p ^^^1 


Amyl alcohol, 148. 
An^ysia, de£ of, 3. 


ArabfeKid,19a - - -J 


Algol, 193. 3 


Anhydride, ihl of, 36, 44. 


Arrow, root, 184 


antimonic, 106L 




arsenic, 105. 


Arsenic, detecdon irf tba poA 


araenioua, 103. 


loa 


honu^ia, 308. 


greens, 104 


carbonic, 119. 


mirrorH, 103. 


chromiu, 262. 


oca of, 102. . .|| 


hvpophoBphoroiw, 87. 


prop, of, 102. 


manganic, 263. 


sulphides of, IWSt .i<| 


nitric, 38. 


Araenic acid, 105. 




Arsenious acid, IIH. \ i 




antidote for, 104. , 


silicic, 205. 


a poison, 104 


aulphiiric, 81. 


reduction of; 104. 


Bulphim.ua, 76, 78. 


soluirility of; 103. 


Anhj-iinU, 245. 


sources of; 103. 


Aniline colors, 169. 


Arscnites, 104 


Aniline, eomp. o^ 16ft. 


ArHeuiuretted hydrogen, 10*. 


^^_ componndB, 169. 


Artilicial fats, L5a 




light, 12a. 


^^m 


Atom, det of, 14 .« 


^^P^Kp. of; 16S. 


Au.mic weights, det o^ I9i , 


^P^pwp. of; 168. _ 


practicul use of, 54. .i 


Anuaal dtarooal, deeolfoxzing 


table of, 289. 


power of, 117. 


Atoins, absolute size of, la 


Anthracene, 173. 


relative nut oL 18. 


Anthraeite, lU. 


i 


conducts heat, 112. 


Balsajis, isa ^^^ 


Antinmnic acid, 106. 


Bariutu, 247. ^^^H 


Antimony, alloys o^ 10ft. 


compounds, i&i^^^^M 


glance, 107. 


flune^ 24fL ^^^M 


mirrors, 106. 


Barley sugar, 179. ^^^^M 


oce. of, 105. 


Btapeo, S47. ^^M 


prop, of, I05i 


Bnse, im ^^H 


sulphide, 107. 


det 0^41, 4a ^^M 


tercUoride, 106. 


Bases, organic, IMl ^^^^H 


teroiide, 106. 


Bayberry tidlow, LSflU^^^H 


Antj^ptic s£enU, 204. 

earboUc acid, 171. 


BeakerMiii. ^^^H 


Beef taltoiv, 154 ^^H 


common salt. 211. 


Beer, 18^ ^H 


^^■_ dead oil of ter, 171. 


Bewwax, 158. M 


^^B lue*sot«, 174 


Be.«^ugar, I7& 


^^^H mercuric chloride, 279. 


BeH-metal, 27i 


^^^■' sngar, 204 


Bellows, I. 


^^^B wood aaoke, 174 


Benwrie acid, I75l ^ 


^H«one,7l. 


Beniot, oonip. of, 167. 


^^^■'ftiga and smokes, 71. 


dissolpee greaae, 167. 
obUined fam oori^ 1^ 


^H>I%i^&3. 


■_ -m 


Hil^ri 



1 1 IXDBX. 1 


Benoi!, preoent in illuminatliig 


Brucinc, 196. ^i.c^J 


gas, 141. 
prop, of, 186. 


Buibe, blowing, tL r T 
fiunsen's bnnter, 1S8, vi | 


EeBemei- eWel. 368. 


Butter, 202. , 1 


Bibnsc Acida defined, 85. 


constitution of, 156. 1 


Bismuth, tnakea fusible aUovH, 




107. 


Cadmium, occ o^ 257. 


oxidea of, 107. 


sulphide, 267. 


prop, of, 107. 
Ktter almonds, oil of; 174. 


symbol of atom and moleed 


the same, 91. 




CiBsium, 333. 


Bivalent metals, 53, 250. 


Caffeine, 197. 


Block ball, 213. 




Black lead, 110. 


Calcium, 241. 


Biaai furnace, iron, working of. 


flame, 248. 


266. 


light, 28. 


Bleaching by chloride of lime, 61. 
by chlorine, 59. 


carbonate, occ. o^ 241. 


solubility of, 242. 


hy ozone, 69. 


chloride, 246. 1 


by BulphuToua acid, 8a 


used for drying gw 


Bleaching.powder, 60. 


246. 


Blende, 252. 


hydrate, 241 


Bloom, 264. 


hypochlorite, 60, 247. 


Blowers, s. 


oiHe, 242. 


Blowpipe, Bnnsen's gas, ix 


infusible, 248. 


mouth, use of, 129. 


phoaphatea, 92, 24a i 
sulphate, 245. 


oxidizing flame of, 130. 


oxT-bydrogeii, 27, 129. 
reducing flame of, 130. 


Calc-gpar, 241. 


Calomel, 279. 




Camphor, prop, of, 162. \ 
Candles, manufacture of, 1B8. % 


Blue vitriol, 277. 


Bone-black, prep, of, 119. 


Cane-sugar, 176. I 


Bone-phosphate of calcinm, 246. 


Caoutchouc, 190. 


Boraoio acid, extraction of, 208. 


c^a-.Ts.""""""^-*'^ 


prop. of. 208. 


Eomcic Bnhvdride, 208. 


Carbolates, 171. 


Borax aa a b'iowpipe teat, 217. 


antiseptic prop, of, 171. 


UBes of, 218. 


used as disinfectanta, 171. 


Boron, allotropic states of, 208. 


Carbolic acid, 170. 


oco. of, 207. 




Brass, 276. 


of, 109. 


Bread, 185. 


Carbon biaulpUde. ISfi. 


raising with chemicals, 214. 


prop, of, 136, 


Britannia metal, 105. 


Ssef of, 136. 


Bromates, 62. 


protoxide, 123. 


Bromhydrio acid, 62. 


a poison, 123. 


Bromic acid, 62. 


prep, o^ 123. 


Bromine, 61. 


prop, of, 123. 


Brwu^ 275. 


a reducing agent, 1S4 


1 £n>ira sngar. 177. 


Carboaatw, lia " -° '' ^ 



^V IJOSZ. 


Caibonie acid, 119. 


Chemiibry, physiologicid 


extinguiahea combus- 


steUar,a83. 


tion, 131. 


subject matter of, 1. 


^_ formed in combustion, 


Chimneys create draught 


ft 


on Are, how to pat c 




use of, 13«. 


^^1 in respiratiaii, 13S. 


Chinese wax, 168. 


^H generator, 120. 

^^ Squid, 131. 


Chilin, 202. 


Chlorel, 152. 


^H obtained from carbon- 


Chlomtea, 60. 


^1 ates, 120. 


Chlorhjdric acid, 24, 40- 


■ afi>:"- 


a gas, 50. 


comp. of, 24, « 


^K Bolubilit]' of, ISl. 


gas, prep, of, 50 
prep, of; 62. 


^^1 spec gravity of, ISl. 


^r teat for. 11!). 


prop, of, 60. 


^■Cubonio anhydride, see Carbonic 


Chloric acid, 60. 


acid. 


Chloritie of lime, 247. 


Carbonic oxide, see Carbon prot- 


Chlorides, formation of, ( 


oxide. 


Chlorine, acids and oxid 


Carmine, 197. 


atomic weight of, 56 


Carmine-lalce, 259. 


bleacheit, 69. 


Caaein, 201. 


bums in hydrogen, I 


Cast iron, impuritieB of, S66. 


cnrabustion in, 67, 5 


varieties of, 266. 


decomposes water, 6 


Caustic potash, 221. 


disinfects, 60. 


Caustic Boda, 215. 


exploeive mixture ' 
drogen, 66. 


manufacture of, 216. 


Cellulose. 186. 


group, 66. 




Sec. of, 66. 


Cerium. 274. 


physical prop, of, 68. 


Chalk, 241. 


prep, of, 66. 


Charcoal, absorbs different fpises 


prep, from bkacliir 
der, 60. 


in different proportions, 


116. 


test for, 63. 


causes combination of eases. 


unites with metals, 6 


117. 


water, 69. 


B disinfectant, 116. 


Chloroform, formolMU 


prep, of, 1 12. 


prep, of, 130. -H 


B, reducing agent, 115. 


Chromatcs, 262. ^H 


removes colors, 117. 


Chrome alum, 26&:.^H 


stability of, 116. 


iron ore, 261. ^H 


Cheese, 202. 


Chromic acid, 262. 


Chemical changes, 2. 


Chromic anhydride, 263. 


combination, 6. 


Chromium, occ. of, 261. 


coinpomids and mechanical 


Chromium hydrate, 862. 


miitures, 37. 


se»iuioxide, 262. 


equations, 24. 


sulpliate, 262. 


symbols, 2A. 


Cinchonine, 197. 




Cinnabar, 277. 278. 


i 


m 



w 

methcMla of, U 
'1, 272. 

iniligo, 200, 
»f mordanta in, 1 



WARE, 2G1, 

ng liquids, 121, 183. 
lemical rulations of the 
meiita, 256, 293. 
iia of water, 16. 
def. of, 3. 

'y gases, molecular con- 
on of, 90. 
•re bodies incapable of 



s, 252: 

chemical, calc of, 54. 

weights, 286. 



l-dishea, xxxi. 

if oxygen and hjdro- 




Ferric hydrate, used ii, ^^^ 

gases, 369. ^^***yi 

OKitle, 268. 

corrodes orga»»i-:. 

ealta, 270. 
Bilimte, 271. 
eillpiiate, 270. 
Ferricyaiihydric acid, 32q 
FtjiTotyanhytlrio acid, Sg^^' 
Ferrocyanogen, 224. 
Furroua and ferric salts STn 
FerroiiB chloride, 27o, ' '*^- 
oxide, 268. 
salts, 370. 

absorb oiytteYi n,^ 
K»t lor, 272! ■ =»0. 
silicate, 271. 
Bulphftte, 270. 

dyeing black -nrf*. 
sulphide, prep, of ^r**' ^70. 
Fibrin, 301. ' ^^' 

Filtering, sxiv. 
Filters, Low to fold, rxiv 
Fire-damp, 138. 
Flame, luminosity of, igg 
oxiiliring, 130. 

pnl^.tbjeoodoooducto,, 
reducing, 130. 
efnir.dire of, 138. 
FlaniPs, all, gas flames, IgR 
character of, 125. 
smoky, 125. 
Flaaks, x^ix. 
Flint, 205. 

Flint-glass contains lead, 250 
Fluorhydric acid, 66. 

action on silica, 67 
. prep, of, 87, 
Fluorine, 6a 

hard to get and keep, Bn 
occ. of, 66. '^ ^ 

Fluor-spi-, 66. 
Fluosilicuc acid, 206 
Flux, used in smelting iroa-or^, 

i;onaic acid, synthesig of, 154 
Formulfe, dudjBlic, 100 

empirical and »tioii«l, oa, 



■ li* iirpsi. g 


Fonnul*. typical, 100. 

FnKtianut condensation, 147 


Glycols, 166. 
Go1d,aIloyB0f,282. ' 


Fractional distillatiix), 146. 


coin, 283. 


Flee gaaea exist u nioleciilea, 90. 


cyanide, used in cildins, 283 


Friciion matches, 93. 


occ 0^ 281. 


Fniit^ugur, 180. 


prop, of, 282. 


Fumate, blast. 265. 


Bfllts,283. 


reverberatoiT, 213, 267. 


Gramme, def. o^ 13. 




GraiK-sugor, 179. 


Fusel oil, 148. 


Graphite, lltt 


Fnaible aUoys, 107. 


Graphic symbols, 289. 




Gray-iron, 266. 


Galena, 34^ £50. 
Gallium, 874. 


Green YitrioL 270. 
Group, the alkidi, 2«). 


Gallotaimic acid, 195. 


calcium, 250. 


Galvanic current, 264. 


chlorine, 65. 




nitrc^en, 107. 


Galvanized iron, 254. 




Gss, illuminatiiig, 139. 


Eesquioxidc, 27a 


Gas-carbon, 110. 


sulphur, 85. 


prop, of. 111. 


Groups, principles concerning, fl 




xrviii. 


Gum-arahic, 187. 


Oaa-holders, -ox. 


benzoin, 167. 


Gas-lampa, for heating, vL 


resins, 190. 


Gaacs, dissolved by water, 31. 


spmce, 188. 


liquefuotioQ of, 36. 


tragacanth, 188. 


Gelatin, 202. 


Gums, prop. of. 187. 


German-Hi Iver, 273. 


Gun-cotton, 187. 


Glass, colored, 206. 


Guu-metol, 275, 


oomp. of, 206. 


Gonpowder, 226. 


etchtng of, 67. 


Gutta-percha, 190. 


Glass beakers, Mtii. 


Gypsum, 245. 


cutting and crackinc, iL 




flasks xxix. 


Hakd water, 245. 


retorts, xxii. 


Hartahom, 47. 


Wbing, bending^ drawing 
and cloBiD|j, iii. 

siiea and qualities of, i. 


Homolc^ous series, 163. 


Hom-ailver, 237. 


Hydrocarhons, Tariety of, 137. 


Gtniiber'B salt, 211. 


Hydiogen, derived from waM 


Glazes, lead, — feldapar, — ttlt, 


15, 16. 


261. 


diffusive power ol, 28. 


Glncinnm, S61. 


eiplosive mixture with a> 




M. 


Glue, 202, 


with oxvgen, 28. 
extinguishes combustion, 99 


Glut>u), 165. 


Glycerin, 166. 


heating power of, 27. " 


prep, of, 16a 


inHaiiLmuhle, 16, 26. 


prop, of, 157. 


lightnefls of, 25. 


luea oi; 167. 


physical prop, of, 25. 




,^B 



Hydrogen, precautions in malting, 
23. 
prep, o^ 23. 

proa, of combualion of, 28. 
itandard of specific gravity 
for gases, 25. 
Hydrt^n antimonide, 106. 
araenide, 102. 

inflammable, 103. 
prep, of, 102. 
peroxide, 71. 
phoephide, 96. 
comp. of, 97. 
prep, of, 96. 
pota^um carfaontite, 22 1, 

nilphate, 225. 
Bclenide, 88. 
sodiiim carbonate, 213. 
sulphide, 76. 

as reagent, 78. 
mlpbide, comp. of, 77. 

decomposed by metallic 

salts, 78. 
decomposition of, 77. 
inflammable, 76. 
in mineral waters, 77. 
prep, at, 76. 
soluble in water, 76. 
Mypochlorong acid, 60. 
HypophoapliiteB, 97. 
Hypophosphorous acid, 97, 

anhydride, 97. 
HypothesBB and theoriea, distinc- 
tion hetween, 4. 

ItLDMINATING-aAB, 139, 

parification of, 141. 
Indelible ink, 237. 
India-rubber, [90. 

Tulcani/ed, 191. 
Indigo-blue, 199, 291- 

dyeing with, 200. 

-white, 199. 
Indigotin, 199. 
^idiimi, SQi. 
Ink, 195. 

indelible, S37. 
Iwilin, 184. 
iodiiteB, 64. 
Jodie add, 64. 



Iodine, o^. and p^ 

reaction with "Sf^' ^a, 

specific^vity^h, ea 

testing for, 63"' ' '^'apor 

uses of, 64. 
lodohydric acid, p 
lodo-starch paper, fi^" ^^> 64. 
Iridium, 285. ' ^^■ 
Iron, cast-, 264. 

impurities of, a-- 
TaneUea of, ae« ' 

extraction of, ZB4 

galvanised, 254. 

mordant, 271. 

occ of, 264. 

ores, 264. 

puddling of, Sea. 

pyrites, 273. 

sulphide, prep, of, 75 

■wrouglit, 264. 
Iron cyanides, 27a. 

Lyclratea, 268, 269 

oxides, 268, 269. 

Hulphntea, 270. 

sulphides, 272, 273. 

I at^d for supporting vm^ 



Kaolin, 261. 
Kindling-temperature, 139 

Kreasote, 173. 

Lactose, 181, 
Lakes, 260. 
Lampblack, 112. 

manufacture o^ jjg jj^ 
Lamp-flames are gas-flakes, 126. 
Lamps for laboratory use, vi 
Lanthanum, 274. 
Lanl, 154. 
Laugbing-eas, 3a 
Laurie acid, 169. 
Law of Ampira, 89. 
Laws, chemical, 4, 



^^viuur. 



boxide, 27& 

tning^rf xh» texin,23SL 

emeiitSv 23o. 

)horic acid, 96. 

ron, 264. 

cohol, 148. 

ite, 154. 

tde, occ ofy 137. 

142. 

id spirit, 148. 

f. of, XXXTL 

system of weights and 
iasures, xxxvi 

i. 

IT, 181. 

r condition of elemen- 
y gases, 89. 
, def. of^ 18. 
lum, 295. 
, 199, 260. 
196. 
44. 

Kxxiv. 

owpipe, use of, 129. 
owpipes, xL 
vegetable, 188. 
proportions, law o^ 87. 
icid, 49. 

nanufactuie of^ 61. 

LIN, 172. 

:ate, 64. 

its and oils, 164. 

jlements, 256. 

)f battery, 266. 

ition, 42. 

'3. 

197. 

t3. 

al formation o^ 225. 



I, comp. of, 3^ 
»r»:p. of, 39. 
'rop, of, 40, 
ourc^ of, 3d. 

.v'iri/i^, 36, 

i-i, Of/Tftp, of, Z^ 

'T^tr*, of, 33, 



uaeotlcS: 
Xitzo-«ellaloee« 187. 
Nitxo-glnwin, 157. 

compi* of; 167. 

pieix. and prop. < 157^ 
rs itrogen. a constituent of «^r 

and h vdrcgon. 44, * 

binoxide, see x^itrie oxi^o, 

chloride, 64. 

dilates the oxygen iu aJ 
la 



ppoup, 107. 
iodide. tM. 






I 



obtained from air, 18, 
oxides of, 37. 
peroxide^ 36. 
physical prop, of, 12. 
prep, of, 12. 

b3r nhosphonia^ 12, 
protoxide, comp. ol, 82, 
prop, of^ 31. 
prop, of, 31. 
widely difrusod, 18. 
Nitrous acid, 37. 
Nitrous anhvdride, 86* 
Nitrous oxicfe, see Nitrogen prot- 

oxide. 
Nomenclature, 387. 
Non-metallic element*, 836. 

Ochre, rod, 288. 

yellow, 269. 
Oil of bitter almonds, 174, 

of cloves, 16(). 

of turpeiitiiie, e/mip, of, len, 
prop, (/f, 101« 
UM; as solvent^ 161« 

olive, 164, 

of vitriol, riianuiSietitnr o( ^, 
Oils, 16^. 

Vt-i^fitHhlHf I6(t 

pf<wi»rt i» Utumimiigtic 
f/^ I4L 

S<9MIIV i^# 



cnixA, 172. 
ciicacid, prep^of, ITi. 
prop, ot 1' »■ 
used in djeisjb 188. 
inoers. Miiv. 
Ipeltes, xxsi. 
iJiBter of Pans, 345. 
laster-casts, 245. 
butering. comp. of, 244. 
loiinnm, aUoys of, 284. 

black, 284. 

foU and v^ ' 



group, 



285. 



^uces combination, 284. 

melting of, 28a 

metals, 235. 

occ and prop, of, 283. 

Bponire, prep, of, 2B5. 

u^ of; 284. 

vessels, precautioas in luiiig, 
2S4. 
>Iatiiiitm chloride, 284. 
Humbago, 110. 
?neoinatic troushi, conatroction 

Pidarized light, action on nisar 

1T9. 
Porcelain, 261. 

dishes, xxii. 
Piwitive elenienta, SGQ. 

pole of batt«T7, SHL 
Aitaih, obujaed from adm of 

plants, 22a 
Potaasiam bicarixmatc, SSL 

bromide, 222. 

carbonate, 230. 

«U«»te,a7. 






iuiphaw. saa. ***« 

tATtiwUN *aa 

IYu.iutt-^-oliiiiia ,|,^ .*>■!. 

IVwwsia)! lilii'S 87a, * 
rmxHicacitJ, 13tt. 
Pti<l,iliri|j iron, |»rao,^ 
Fiilvuninj),^ x«v. ^^ ot *^ 
Pyrila*. 273. ^ *Oflj;, 

I^iUgncOUn «c(d, I- 

Pyroiylin, 187. "• <>«. 

QlUWriVAI-KMOIl, fts -^ 

of rruliwU, u^ tfia 
gnort.:^ 200. 
QuerciUnnic Mid, lo- 
Quicklime, 'Mnufiu-Tr' 
Qukkailwr, S77. "**• . 
Quinine, IM. 

Rapicai., (KM-tyl Ift» 
«JJyl, lOU. ' "**■ 
■uniDunfujn, 4^ 
benwyl, 174, 



■..« 









sate.* 



Uft. 



-*H* 




sll;. I'i'k iL-4 



rtklSOL 



antcuxs 



Silnckc^aii. dTT. 



alLocrofn: 







1^ li. \ SNvr a«eed viA tike alkali 









Sill T'JlIiije. SS.\ 

SiLlit£ca;:n2aw ±il. 

Si5t»* ^[festif and a 

Stl^s o£ iaa»fe «f iHE^-giK 

fah (eocuBoiiX ataaa&etare at 

dan. ill. 

soIxibiriiT ol 210L 

scuKes of. aOQi 

nses oC 210. 
Saltpetre, see Potasrimn nhiate. 
Sand-bath, liT. 
Saponification, def. of^ 158>. 
Sapphiitj 258. 
Satanted solutioDBy S2. 



taBiaiioB. dia. 



cMonie. ±37. 
c T;iziide. ±381 

io«Iide«237. 



iLi:i;iCe, r; 

oxiiies. 23S. 

solphdte, 238. 

sulphide, 238. 
SnTering oi miiroia, 279l 
Soap, cleansing action o^ 216L 

hard and soft, 156l 

manufacture ot 155. 
Scapes insoluble, 156l 
Soda-ash, manufacture o^ 812L 

bicarbonata of, 214. 
\ -crystals, 213. 




nuiiun&.311. 



SoLds. ^ESb. 




Specific paxitsr. «! i£. iC 



fib. 



SpontaneoQB oarnkmrnitm^ Ml 

ofooal,27l. 
Stakeiiteii, 242. 

Stalagmites, 242. 
Staonatea, 281. 

Stamde acid, 28L 
Starch, occ of; 1831 

-pa8te,6aL 

prop, ot, 184. 

-BUflap, 17ft. 
Steam, drjr, 17. 

physical prop, o^ 14>. 

▼ohunetnc oomp. of, 18. 
Stearic acid, 166. 
Stearin, 154. 
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Sulphitretteit ll)rttHt||Mt, tH 



I > 



i 



I NEW YORK PUBLIC UBRART 

REPBRBNCB DBPAKTMBNT 






